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1. The Evolution of the Universe 


The size of the universe 

The night is cold and frosty as we step outside the warmth 
of our homes and gaze into the heavens, into the great in¬ 
verted bow] in which those pin points of light which we 
call stars twinkle in apparently uncountable numbers. In 
fact no more than 5000 stars are to be seen with the naked 
eye on a perfectly clear night. If however we had a 4-inch 
lens we could see over two million and with a 200-inch 
mirror such as there is on Mount Palomar in the United 
States we could see over 1000 mill ion. 

Even modest telescopes in addition to showing millions 
of stars reveal the existence of diffuse patches of light. 
Many of these are what we call galaxies and each galaxy 
is composed of millions of stars. 

Far out in the depths of space the innumerable atomic 
reactors, the stars, convert their hydrogen into helium and 
in the process send out streams of light that travel to us 
and appear as pinpoints through the vast distances of in¬ 
terstellar space. As we gaze wc are seeing but a tiny corner 
of the universe, the merest lip of the galactic iceberg. 
Recent scientific investigations indicate that the order of 
size of our observable universe (and who knows how r much 
is unobserved) is such that light which travels at the rate 
of six million million miles per yean takes more than 
30 fc QGG million years to cross it. If we were to stand at the 
edge of our observable universe and look at a star at the 
other end then we would be seeing that star. not as it is 
now, but as h was 3Q + 000 million years ago. We are prob¬ 
ably seeing a *ghost + that died and ceased to give out 
light millions of years ago. Wc may note that the light 
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from our Sun takes eight minutes to reach us and we sec 
our nearest 5 tar as it existed four years ago. Travelling at 
a rate of twelve miles per second (the speed at which our 
solar system speeds through space) it would take us 
60,000 years to get to tiiat nearest star. 

Distances in the universe are so great that astronomers 
can do longer write, talk or think about them in miles. 
They have instead devised a new unit of measurement - 
the light year. One light year is the distance that light* 
travelling at 136,000 miles per second* travels in one year. 

Galaxies 

Stars are not scattered at random throughout the universe 
but are gathered together into groups which* as we have 
noted above* we call galaxies. The galaxies are often 
bound together in pairs e.g. our galaxy, the Milky Way. 
has got a twin, Andromeda, which is about two million 
light years away. The diameter of some of the larger 
galaxies is about 100,000 light years. 


Clusters 

Galaxies in turn occur in clusters and some such clusters 
may contain more than 1000 galaxies varying in size from 
one million to ten million light years across. The Milky 
Way galaxy to which our solar system belongs is a mem¬ 
ber of a duster containing about twenty galaxies, this 
cluster being about three million light years in diameter. 

Even the clusters do not seem randomly distributed in 
space. They in turn form groups of perhaps 100 clusters 
spread over 100 million light years. There may be more 
than 300,000 million galaxies in this universe and each 
galaxy may contain more than 100*000 million stars. The 
human mind accepts these figures but does not under¬ 
stand. 

Astronomers however appear to be able to think in such 
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dimensions. Some of them try to help and Dr Archie Roy 
of Glasgow University is one of these. Take a targe build¬ 
ing, says he, such as a cathedral and cat] it the universe. 
■Scatter in its interior 100.000 million specks of dust with 
an average separation of one third of an inch between 
each dust particle. Then, on a cosmic scale each dust 
speck represenis a galaxy and each such speck contains 
about 100,000 million stars. 

Let us magnify one of these dust specks so that we can 
get a belter look at it-magnify it to the size of the con¬ 
tinent of Asia and call it the Milky Way, our galaxy. 
Place a 10p piece on this continent and this will cover 
our solar system-the Sun and its attendant planets, 
Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune and Pluto, It would seem that our Earth, even 
our solar system, does not figure large in our universe* 
not even in our galaxy. 

The 100,000 million stars in the Milky Way are di$tri- 
bated in a flattened disc which is 100,000 light years in 
diameter. This flattened disc rotates with the innermost 
point moving faster than Lbe outer and a complete rotation 
lakes about 200 million years. Our solar system is found 
near the edge of this huge disc. 

Although the distances within galaxies are great, the 
distances between galaxies are staggering For example the 
light from our neighbouring galaxy, our twin, Andromeda, 
which is similar in size and content to our Milky Way 
has been travelling through space for two million years 
before it reaches us. 


The expanding universe 

How could such a universe have come into being? The 
galaxies are not stationary in the universe. If we examine 
Lhe light coming from any one galaxy we find that its tight 
is reddened and its radio waves are lengthened. There is 
only one possible explanation for this which is generally 
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accepted by all astronomers , h is that all the galaxies ate 
receding from each other at enormous speeds and the fur¬ 
ther away they get then the faster they go. For example 
the Virgo cluster of galaxies at a distance of seven million 
light years from us shows a red shift indicating that it is 
speeding away at 600 miles per second. The most distant 
cluster yet identified which is 5000 million light years away 
is speeding off at 86,000 miles per second-46% of the 
velocity of light It is assumed that beyond this there are 
other galaxies so far away that they are moving dose to 
the speed of light. By the time taken io read this sentence 
we will have moved a million miles away from the 
galaxies lying far out in the universe. 

This concept of the expanding universe, of the galaxies 
moving apart at enormous speeds, has important implica¬ 
tions on theories regarding the beginnings of the universe. 
It could be argued that if we could go back: in time then 
the galaxies would be much closer to each other than they 
are now and indeed if we went back far enough they 
might conceivably have formed one mass of matter. 
Knowing the speed of recession we can then make a fair 
guess as to when this happened. 

This calculation of recession is the basis for the "big 
bang 1 or evolutionary theory put forward in 1927 by the 
Abb6 Leimitre. 


The evolutionary theory 

Lemaitre proposed that the universe originated some 20- 
60,000 million years ago from a dense and relatively small 
conglomerate of matter which was only a few million 
miles in diameter. This conglomerate he termed 4 the 
primeval atom\ and it contained the entire material of 
the universe. Its density must have been inconceivably 
high-about 100 million tons per cubic centimetre-and 
due to its instability it disintegrated in a massive cosmic 
explosion so that the matter making up the 'atom' was 
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hurled out into space with such force that it continued to 
disperse as a vast gaseous cloud for thousands of mil I ions 
of years. At lasL a" period of stability was reached as the 
energy of the explosion exhausted itself and the cosmic 
cloud began to scute and form great clusters of galaxies. 
Then some 9000 million years ago instability set in again 
due to the forces of repulsion between the various bodies 
and the galaxies started to recede from each other at enor¬ 
mous speeds, a process which continues to this day. 

The astronomer Gamow whilst accepting the idea of the 
primitive ‘atom* (though as we shall sec below havtag his 
own ideas of its composition) disagrees with Lem ail re s 
idea that the force of the initial disinsegration was ex¬ 
hausted after a few thousand million years. Instead he 
believes that the expansion of the universe which is going 
on todav is still the result of the initial explosion and 
there is no need to invoke an intenncdiaEc repulsion 
phase. The implication of this is that the ‘a torn' exploded 
about 9000 million years ago and there is no period of 
diffuse gas as in the Lemaitre theory. According to this 
'big bang* theory, whether of Lemaltre or Gamow. all the 
basic matter in the universe was present in the primeval 
'atom 1 and no more is being created. 

The nature of this bask matter is uncertain. Some 
astronomers believe that it consisted of intense radiation 
and corpuscular rays which formed the primeval gas dur¬ 
ing the first phase of the expansion. The energy ol the 
primeval matter was converted first into clouds of hydro¬ 
gen and then as the stars of the galaxies formed by con¬ 
densation the temperature rose, converting the hydrogen 
into other elements. Others such as Gamow believe that 
the primeval atom consisted entirely of high temperature 

radiation. , 

Gamow invokes Einstein'S famous equation E—md 
Before you run away from this equation let me say that 
it merely means that the energy contained in any matter 
is equal to the mass of the matter multiplied by the square 
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of the speed of light. For our purpose it means that energy 
can be converted into matter and matter can be converted 
into energy. Here then Gamow states that at an early 
slags in the expansion of the ‘primeval atom' (or primeval 
nucleus as some would prefer to cal! it) there was more 
radiant energy (light) than there was matter. But as ex* 
pansion took place the density of energy thinned out faster 
than did the matter and at a certain point in time there 
was more matter than there was energy. The matter was 
freed from the dictatorship of energy, which formerly en¬ 
sured its uniform distribution, and the gas broke up into 
giant clouds slowly drifting apart as the universe contin¬ 
ued to expand. The gas clouds were cold, dark and 
chaotic. Gamow believes that this separation took place 
in the year 250.000.000 abe (after the beginning of expan¬ 
sion). He calculated that the temperature of the universe 
was 250 million degrees centigrade when it was one hour 
old. dropped to 6000 degrees (present temperature of the 
Sun's surf aw) when it was 200.000 years old and had 
fallen to about 100 degrees below the freezing point of 
water when the universe reached its 250 millionth birth¬ 
day. It was at this time that matter took over from energy 
and the galaxies began to form. On this theory all the 
chemical elements with which we are familiar today and 
whose formation depends on very high temperatures were 
formed within thirty minutes of the beginnings of the uni¬ 
verse which is not so unbelievable as might appear when 
wc realize that an atomic bomb produces a variety of 
materials within one microsecond of its explosion. 

When however we try to visualize the pre ‘primeval 
atom' stage we run into difficulties. Where did the ‘atom* 
come from? As Professor Lovell the famous astronomer 
has said, ‘it is at this stage that ] feci that 1 have driven 
into a great fog barrier where the familiar world has dis¬ 
appeared,’ LemaHre finds no great difficulty in this. For 
him the creation of the primeval atom was a divine act 
outside the limits of scientific knowledge and indeed of 
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scientific investigation. The probable condition of intense 
radiation in the primeval atom is according to him entirely 
consistent with the divine command "Let there be light.' 
Some astronomers, who believe in the theory but who are 
unwilling to accept a divine beginning, adopt a materialis¬ 
tic attitude and argue that the creation of the primeval 
atom has no explanation within the contest of contempor¬ 
ary science but this does not mean that no scientific 
explanation will ever be possible. Others assert that she 
primeval atom was not the beginning but merely a state 
of maximum contraction of a universe which had previ¬ 
ously existed for an eternity of time. It would appear to be 
logical to assume from this that contraction and expan¬ 
sion were continuing processes just as metal expands and 
contracts in heat and cold. We could call this theory that 
of the 'pulsating* universe. When the universe has reached 
a certain expansion it will begin to contract and shrink 
tin til its matter has been compressed again, (t will then 
expand again and so on ad infinitum. There was no begin* 
ning and there will be no end-merely a change in the 
status and conditions of matter and energy which has 
always existed. Perhaps as humans we are conditioned to 
think of beginnings and ends, We arc bom - the beginning 
-and we die-the end (at least as far as the material 
body is concerned). This however is merely a way of look¬ 
ing at things. Conception and birth are a bringing together 
and restructuring of matter which ts already in existence: 
death is a breakdown (in the absence of energy) of the 
body into its constituent chemicals. The particular struct 
ture may change - the basic materials do not* 


The ‘continuous creation* theory 

Not all astronomers however accept the 4 big bang* theory. 
In particular a group of British astronomers, Hoyle, Bondi* 
Gold and McCrea put forward an entirely new theory- 
that of 'continuous creation 1 or the 'steady-state* theory. 
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According to this theory the universe Is the same 
through all space and time. However far we go back into 
the past, however far forward into the future, we will 
always find the same kind of universe as we find today. 
There is no beginning and no end- The universe has an 
infinite extent in space and no matter where one goes in 
the universe one would find oneself surrounded by similar 
galaxies. A billion years ago the universe looked as it does 
now, a billion years from now it will look as it does now T . 

In order to maintain this stable state in face of the 
accepted expansion of the universe these scientists postu¬ 
late that the fundamental matter of the universe, hydrogen, 
is being continuously created at such a Tate Ebat the 
hydrogen atoms form galaxies to make up for those that 
are moving on I! of our field of view. This theory demands 
the appearance of hydrogen at the rate of several billion 
trillion tons per second in the observable universe but so 
vast is the universe that this represents the creation of 
only a lew atoms of hydrogen per cubic mile of space per 
year. The authors further maintain that it is the pressure 
arising from the creation of this material which provides 
the driving force resulting in the expansion of the universe. 

The question is still open as to how the universe came 
into being but most astronomers nowadays appear to sub¬ 
scribe to the ‘big bang' theory. This is in large measure 
due to the discovery made in 1965 that the Barth is being 
bombarded from all directions by radiation, and indeed 
ihaE the universe is filled with this radiation. It has been 
said that this radiation could be the remnant "whisper" of 
the big bang of creation. Most former adherents of the 
"steady-state* theory are now convinced that only an an- 
cleat super dense state of the universe could account for 
this radiation that comes in from every direction. 

Further evidence against the "steady-state" has come 
from the study of ‘quasars'. These are star [Ike objects 
whkh are extremely high sources of radio energy. The 
combination of small size, enormous energy output, and 
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remoteness make them objects of intense astronomical in* 
terest It appears that they are receding at great speeds. 
The number of relatively faint sources of radio energy far 
exceed the number of strong sources. This is probably in¬ 
compatible with the ‘steady-state* theory. 

It would appear that the ‘big bang* theory is certainly 
the front-runner at the present time, but as in all branches 
of science, new observations are constantly being made 
anrf these observations, with the theories that flow from 
them, can sometimes topple well-established beliefs. In¬ 
deed perhaps the only certainty in science is its uncertainty. 
This is its strength, not its weakness as some people might 
suppose, since learning and knowledge advance not only 
by discoveries but. also by scientists being willing (and 
sometimes forced) to give up long-cherished theories in the 
light of new evidence. We have an example of this in the 
paper written by the brilliant cosmologist Dennis Sciatna 
on ‘Cosmology before and after Quasars’ (see Further 
Reading. Frontiers in Astronomy). He states. T must add 
that for me the loss of the “steady-stale" theory has been 
a cause of great sadness. The steady-state theory has a 
sweep and beauty that for some unaccountable reason the 
architect of the Universe appears to have overlooked. The 
Universe in fact is a botched-job. but I suppose we will 
have to make the best of it* 


Formation of galaxies 

It is thought that galaxies may have been formed due to 
disturbances and irregularities possibly due to radiations 
lairin g place in the gas cloud as it expanded, each irregu¬ 
larity becoming more and more dense and beginning to 
rotate in the fomi of a flat disc, thus forming a galaxy of 
gac This rotating movement caused smaller disturbances 
to form within each galaxy, particularly towards the peri¬ 
meter and these smaller disturbances each condensed to 
form dusters of stars. This process Is a continuing one, 
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scars are being formed even at the present day and the 
youngest stars may be no more than a few thousand years 
old. The oldest may date back 9000 million years. Some 
astronomers believe that not all galaxies arc of the same 
age and that some small galaxies may even have been 
ejected out of larger ptaxics. 

As each star forms and the gaseous matter shrinks due 
to condensation, so high pressures are built up in its in¬ 
terior and as a result the temperature rises high enough 
to change the hydrogen, of which the gas is composed, into 
helium. This nuclear reaction generates great quantities of 
energy (as does the hydrogen bomb) which is dissipated 
as heat and light. As the contraction continues so the tem¬ 
perature continues to rise until the rate of generatbn of 
energy is the same as the rate of radiation of energy from 
the star's surface, A stale of stability is reached, the star 
ceases to shrink and its site remains constant although it 
continues to transform hydrogen to helium and thus release 
energy. Our Sun + which is a star, ts in ciiis condition. 
Among the many stars in our galaxy are a few whose fires 
have gone out. They have exhausted their fuel and have 
shrunk lo a ffaction of their former size. These stars are 
called ‘white dwarfs’* Eventually 'white dwarfs' will be¬ 
come "black dwarfs* when their light no longer reaches 
us. 

There are other types of stars such as (he super-giants 
which are about ten times the size of the Sun. These have 
a relatively short existence due to the rapid turnover of 
their hydrogen into helium. There is an excessive Joss of 
energy and as a result they gradually shrink and, rotat¬ 
ing with ever increasing speed, they throw off matter into 
space. Such a star is termed an ordinary nova, 

En some cases however the super-giants shrink very 
rapidly and as a result of the tremendous increase in pres¬ 
sure the temperature rises to such a point that the helium 
derived from the hydrogen is in turn converted into higher 
elements. At 100 la 200 million degrees centigrade the 
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helium is converted into carbon, oxygen and neon. The 
temperature is still rising and at 1500 million degrees sili¬ 
con, aluminium and calcium make their appearance. At 
2000 million degrees and above iron, nickel, chromium and 
other metals are being formed in the heart of the nuclear 
reactor, in the core of the star. Still the temperature is ris¬ 
ing and as a result of collapse there is a massive disinte¬ 
gration which throws vast clouds of incandescent matter, 
interspersed with the various elements, out Into space. 
These exploding stars are termed supernovas and they 
may form some of the stuff of which our earth and other 
planets are composed. On 4 July 1054 one of these 
supernovae explosions took place. A star in our galaxy 
which had been invisible suddenly became one of the 
brightest in the sky-so bright that it could be seen in 
daylight. Then it exploded with a display of fireworks, 
the brightness of which Man had not seen before and has 
not seen since. These fireworks lasted in the day skies for 
three weeks and then gradually faded and in two years 
had disappeared from the naked eye. This happening is 
based on observations made in China and Japan and the 
Chinese named it the ‘guest star’. Ii must have been dearly 
seen in Europe too but it docs not appear to have been 
recorded. 

There is a follow-up to this story because in the eight¬ 
eenth century, by which time telescopes had come into 
general use, astronomers spoiled a nebula at the location 
of the vanished star. This came to be known as the Crab 
Nebula which is still readily visible and is the debris of 
the explosion in 1054+ 


Galileo Galilei 

At the centre of our planetary system is the Sun; the Earth 
and the planets revolve round it. This is readily accepted 
today but it was not always so readily accepted in the past, 
Aristotle taught that the stars and the planets moved 
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around the Earth which was the centre of the universe. His 
views held sway for nearly 2COO years despite the fact that 
Aristarchus of Samos, an astronomer of the third century 
BC questioned them pnd maintained that the Earth and 
the planets moved round the Sun. One wonders at the in¬ 
tellectual capacity and indeed bravery of this man Aris¬ 
tarchus, He was flying in the face of the obvious. How 
could one believe that this massive Earth of ours was 
actually moving - it was contrary to ali reason and direct 
observation. Yet Aristarchus was right, though his views 
lay buried until Copernicus uncovered and restated them 
some years later. Luther said of Copernicus The fool 
will turn the whole science of astronomy upside down/ 
And he did in his De Revolt*ti&nibwt, but his views did 
not become widespread until some 40 years later in 1534 
when Giordano Bruno published three works on the 
Copcrpican theories. For his bravery he was burned at the 
stake in 1600* The hunt was up however and in 1609 
Galileo turned his telescope towards the heavens. 

Galileo Galilei is probably the greatest of all the Italian 
scientists and one of the greatest of all time, He has been 
described as *the father of modern science" because he 
took science out of the dark fog of mysticism of the 
Middle Ages into the logical light of observation and de¬ 
duction. He set science on the pathway that it has fol¬ 
low^ ever since. He was bom in Pisa in 1564 and studied 
medicine at I he local university. He found however that 
there was not enough challenge in medicine for his fertile 
brain and he turned to experimental philosophy. After 
inventing the pendulum* which he used to measure his 
pulse, he accepted the chair in mathematics in Padua in 
1592 because it is said that his revolutionary discoveries 
and biting satire had made him many enemies in Pisa. 
He stayed in Padua till 1610; among his inventions dur¬ 
ing these years were a thermometer and a compass. 

He was the first to use his telescope for astronomical 
observations and he discovered a number of startling and 
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brilliant facts. He found that the Milky Way was ‘pow¬ 
dered with stars 1 , that the moon, far from being a smooth 
and se!Numinous sphere, had mountains and valleys and 
reflected the Sun's rays, that the planet Jupiter bad four 
satellites (or moons), that Saturn due to its rings looked 
like three planets, and that the Sun which had always 
been regarded as perfect was really marked with 
spots. 

These discoveries were sensational, although some 
thought that the images were ghosts. One philosopher of 
the time said. The satellites of Jupiter are invisible to the 
naked eye and therefore can have no influence on the 
Earth, and therefore would be useless, and therefore can¬ 
not exist,* Galileo's observations convinced him of the 
rightness of the theories of Copernicus that the planets, 
including ifae Earth, went round the Sun. 

Such ideas of course brought him into sharp conflict 
with the Church in which the belief was firmly implanted 
that the Sun with her attendant planets circled the Earth. 
He was summoned to Rome where be was obliged to 
abjure his *fieresie$\ above all that of the daily and yearly 
motion of the Earth and the stability of the Sun, He 
w'as required also to recite the seven Penitential Psalms 
once a week for three years and he was placed under 
observation in a friend's palace for the rest of his life. 
Yet much of his best work was done during this period; 
he studied the nature of motion and realized that force is 
not necessary to keep things in motion. Many before 
Galileo, whilst accepting the views of Copernicus, had 
thought [hat the planets were driven round the Sun by 
something like giant spokes slicking out of the Sun. 


Optical astrniaoniy 

For more than 300 years after Galileo first looked at the 
sky with his telescope progress in observational astronomy 
was largely concerned with the constructing of bigger and 
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better telescopes. This culminated in the 200-tnch tele¬ 
scope on Mount Pafomar in the United Stales which began 
operating in the early 1950s and cm photograph star 
systems whose light has taken more than 2000 million 
years to reach us r It appears that this may he the ultimate 
in optical telescopes on Earth because the unsteadiness of 
our atmosphere, even under the excellent conditions of 
Mount Palomar limits the full use of this telescope to only 
a few dozen nights in the year, 

U is known also that the atmosphere blocks out most 
of the infra-red and ultra-violet rays that come from the 
Sun and other stars. An orbiting astronomical laboratory 
was launched in December 1968 and it provides an forma¬ 
tion on the ultra-violet output of about 50*000 stars. In 
particular the Sun and the peculiar stars known as pulsars 
(first discovered in 1968) which give out either light or 
radio signals at regular intervals are being observed. 
Viewed by infra-red light, relatively cool objects glow 
with a great brilliance. Using this technique it may be pos¬ 
sible to observe solar systems in the making. 


Radio astronomy 

Another very powerful weapon w r hich astronomers have 
at their command Is the radio telescope. Radio waves 
travel at the same speed as light and in 1930 Jansky, an 
American engineer, found that they were reaching the 
Earth from outer space. Since then mdb astronomy has 
proved to be one of the most fruitful fields of astronomical 
Investigation. Many of these radio waves come from 
sources far beyond the reach of our optical telescopes. The 
most spectacular source is in the Crab Nebula which is 
4000 light years away. This as we have noted is the 
gaseous remains of a supernova explosion seen by Chinese 
astronomers in 1054. There arc indeed hundreds of radio 
sources, some inside and some far outside our own 
galaxy. 
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X-ray astronomy 

Until very recently astronomers have had at their disposal 
only those wavelengths that eouEd reach earth through the 
atmosphere, namely optical and radio waves. However 
with the development of rockets it is now possible 10 place 
machines on board that will detect x-rays and some stars 
in the heavens have been shown to be very powerful 
sources. The technique is being used to investigate many 
astronomical problems. 


Space observatories 

By 19SO astronomers hope to set up a great observatory 
in space. In this observatory there wilt be reflecting tele¬ 
scopes some three metres in diameter, a number of special 
telescopes for studying the Sun* x-ray detectors* and a 
huge radio telescope. The instruments will be free of atmo¬ 
spheric interference. At present the 200-ineh telescope on 
Mount P&lomar can detect craters 3000 feet or more across 
on the moon. In space the same size of telescope wiJJ be 
able to distinguish craters only 300 feet in diameter. 

It would seem that as a result of rockets and space 
travel a new era is opening up for the astronomer. 


life in the universe 

One of the questions that has long intrigued Man is the 
possibility of there being living things in other parts of the 
universe. Could there be other living things like ourselves 
out there on other worlds in other planetary systems? The 
major difficulty that has got to be faced in investigational 
work of this kind is the immense distances that are in¬ 
volved, Leaving aside our own planetary system which 
will be dealt with in Chapter 2, our nearest neighbour, our 
nearest star, is four light years away. Since a light year is 
six million million miles then this slat is twenty-four mil¬ 
lion million miles distant. Travelling at the speed of light 
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(186,000 miles per second) it would lake a spacecraft 
four years to ges there. To get to our nearest galaxy, An¬ 
dromeda, travelling at the same speed, would take two 
million years. 

We get an even better idea of the immensity of Ehis 
journey when it is realized ituat Mariner 2 in its voyage to 
Venus in 1962 averaged nineteen miles per second over its 
180 million mile journey. Travelling at this speed it would 
take more than 39,000 years to get to the nearest star and 
more than 19.000 million years to get to Andromeda. Like¬ 
wise it is not surprising that we on Earth have had no 
visitors from other worlds. Since, as we shall see, there is 
unlikely to be any life on the Sun's planets then distances 
involved in coming from other areas make this an impos¬ 
sibility* unless some form of travel completely unknown to 
us has been developed. Furthermore, why come to our 
world-there are so many millions upon millions to be 
looked at. I would think that even if the journey were 
possible then the chances of our world being chosen for 
visitation would be statistically almost non-cxistcnt. It 
looks as if exploring the universe outside the sokr system 
will requite not one, but generations of spacemen, unless 
of course we could beat time. It appears that even this is 
not outside the bounds of possibility. One conclusion of 
Einstein's Special Theory of Relativity is that time and 
space are intimately connected. This leads on to what has 
been called the *c]oek paradox*. If you lake a clock on an 
exceptionally high-speed journey in space then when you 
return with it lo Earth it will record an earlier time than 
clocks left on Earth, If a man travelled say 500 light 
years out into space and then returned the 500 light year 
distance to Earth (all at the speed of light) he would find 
that Earth was 1000 years older whereas he himself would 
be only fractionally older than when he left. 

Another major difficulty is concerned with the number 
of bodies to be searched. We have noted that there are 
100,000 million stars in our galaxy, the Milky Way. and 
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that there are 100,000 million galaxies in the universe* 
Thus there must be billions upon billions of stars presum¬ 
ably with planets and thus billions, upon billions, upon 
billions of planets in our universe. It has indeed been esti¬ 
mated that even within our own galaxy there are between 
100 million and 100,000 million cold planets which could 
be considered suitable as potential supporters of tife. 
Whether they have got life on them remains to be seen* but 
it would indeed be strange if our world, out of the bib 
lions upon billions of worlds in the universe, were to be 
the only one with life on it. Indeed it might be considered 
arrogant to assume so and much more reasonable to 
assume that the universe is teeming with life. An eminent 
American professor George Wald, has put it thus, *Wc are 
not alone in the Universe and do not bear alone the whole 
burden of life and what comes of it. Life is a cosmic event. 
It has come many times* in many places, Should it fall 
here, all is not lost. Our kind will Lry again else- 
where. 1 

The only weapon that we have at out disposal in 
searching the universe for other living beings like ourselves 
is the radio telescope. As we shall see in Chapter 2. probes 
may be used within our solar system but beyond it and 
even in some cases within it, they have no value because of 
the distances involved. 

It is less than 50 years since radio communication was 
invented, yet in that time we have achieved nearly tech¬ 
nically perfect Instruments. Many astronomers believe that 
within the next 50 years we should have them- A century 
is only a minute fraction of the age of our galaxy. Thus, 
it has been argued, on the galactic time scale a civilization 
passes abruptly from a state of no radio ability to one of 
perfect radio ability, so that if we examine a large num¬ 
ber of life-bearing planets we should expect to find either 
a complete ignorance of radio techniques or a complete 
mastery of them. It is therefore quite logical to assume 
that those possessing this radio mastery will be capable 
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of sending out powerful radio signals over long distances* 
as we can. 

Physicists have calculated that these signals are most 
likely to be in the band between 1000 and 10,000 mega* 
cycles and that possibly frequencies around 1420 mega¬ 
cycles offer the ht&i chance of success. Furthermore, they 
say, since we are attempting to intercept transmissions of 
great power where great range is presumably the goal we 
can expect the signals to be of narrow band width. This 
is very helpful as we will then be able to distinguish be¬ 
tween such signals and those from naturally occurring 
sources as the latter are of broad band width. It was 
assumed the most likely system that any intelligent being 
would devise would be the simple sequence 1 p 2, 3, 4 etc. 
given as a scries of pulses indicating this sequence and re¬ 
peated at regular intervals. 

In January 1960 the Americans set up Project OZMA 
(named for the queen of the imaginary land of Oz-a 
place far away, difficult to reach and populated by exotic 
beings) using an 85-foot radio telescope to 'listen in p to 
the heavenly bodies. So far they have heard not even a 
whisper. Similar projects have been set up in USSR and 
in April 1965 some Russian scientists did report that a 
distant galaxy was giving out signals at regular 100 day 
cycles and that these were evidence of a 'super-civiliza- 
Lion* in remotest space. Later however these reports were 
toned down and denied- The difficulties in this type of in¬ 
vestigation arc obvious - there are so many places in the 
universe to look* at and interpretation is such a difficult 
matter. Nevertheless it is still going on. 

Further Reeding 
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2. The Solar System 


'Hie origin of the solar system 

The solar system consists of the Sun and its revolving 
planets including Earth. The entire system moves as a unit 
through interstellar space at a speed of about 45 t Q0G miles 
per hour and this coherence makes it reasonable to 
assume that the bodies of the system not only share a 
common origin but also came into being at about the same 
period in time. 

The first scientific attempt to explain the origin of the 
solar system came from the astronomer Laplace in Paris- 
He put forward the idea that at some remote period in 
time all of the material which bow forms the solar system 
was a vast rotating nebula of gas. It cooled slowly and as 
it did so the gas contracted and as it contracted the rota¬ 
tion speeded up, eventually becoming so rapid that some 
of the gas broke away and formed a ring outside the 
nebula. This happened again and again to form more and 
more concentric rings. Finally the central portion con¬ 
densed into the Sun and the material In each ring con¬ 
densed to form the individual planets. 

Tills theory was accepted for a long time but it was 
abandoned in the second half of the nineteenth century 
because of mathematical consideration which showed that 
rings of material successively detached from the periphery 
of a sh rinking ring of gas would not join together to form 
single large planets but each ring would be transformed 
into a collection of small bodies like rings around the 
planet Saturn. It was also calculated that the speed of 
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rotation of these rings must have been enormous and con¬ 
densation at such speeds wa$ an impossibility. 

At the turn of the century two Americans. Chamberlin 
and Moulton, suggested that in the past our Sun was a 
star without planets. Then some 20,000 million years ago 
another star in its journey through space passed dose to it 
-so dose that great masses of gaseous matter were tom 
out of the Sun. Some of this material went into orbit 
round the Sun and cvenlually condensed into small frag¬ 
ments of material which joined up to form the planets. 

Although this theory had many followers it was in turn 
undermined by another American, H. N. Russell, who in 
1^35 showed that for such an encounter to take place 
the approaching star would have to come so close to the 
Sun that the resulting planets would be 111 much closer 
orbit to it than they are now. 

Many modem theories on the planetary system start 
with the Sun plus gaseous materials and dust The most 
widely accepted version is that put forward by she Rus¬ 
sian astronomer Otto Schmidt. It is close to the theory 
pul forward by Laplace but it adds a new ingredient, 
namely that the circulating cloud consisted not of gas alone 
but a mixture of gas and dust from exploding supernovae* 
and that the planets were formed through a joining to* 
gclher of these particles. As ihe cloud rotated round the 
Sun the dust particles collided until appreciable aggre¬ 
gates formed with diameters of perhaps 100 miles. Then 
these aggregates, or 'embryos* as (hey Imve been called, 
began to collide with each other forming larger aggregates 
which were eventually to become the planets. 

The planets are still being bombarded by dust particles. 
Earth for example is attacked by mil I ions of tons of dust 
per year, but these are now stopped by our protective 
atmosphere of which more will be said later. We can de¬ 
tect these particles by means of satellites and of course 
occasional meteorites break through. These latter are be¬ 
lieved to come from the region of asteroids between the 
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planetary orbits of Mars and Jupiter where there are many 
thousands of minor planets or asteroids. 


The S kin 

Otir Sun is a star and not a particularly big one or bright 
one at that. Ltke other star s it is a great globe of glowing 
gas. It is over 100 times the diameter and more than a 
million times the bulk of our planet Earth and it pours 
sunlight on to it at the rate of 4.690.000 horsepower per 
square mile of Earth surface; The equivalent of about 100 
million Hiroshima-type atomic bombs reach the surface 
of the earth every day. This is however only a fraction of 
its prodigious output for it has been calculated that it pots 
out four million tons of radiant energy into space every 
second. We will leave it to the computer to calculate how 
much energy the Sun has given forth In all the years of 
its existence. So great is the radiation rate of the Sun's 
energy that it loses about four million tons in mass every 
second. Despite this rate of loss it is estimated that the 
Sun will survive as a source of energy for at least another 
16,000 million years. The surface temperature is 6000 D C 
but as we move inwards the temperature rises sharply so 
that at the core of the Sun the temperature Is in the region 
of eighteen million degrees. Even at the surface, or rather 
just above and below it, there is however great variation. 
The sunspots which look like depressions in the solar sur* 
face and which are regions of intense electromagnetic 
energy are comparatively cool, being only 4000°C. On 
the other hand the chromosphere, which is the brilliant 
rim of light that can be seen easily at a total eclipse, has 
a temperature of about 20 P Q0D fl C The corona, the streams 
of light emanating from the sun sometimes known as the 
'iron crown 1 and now known to be made up of elements 
such as iron, calcium and nickel, reaches a temperature 
of about a million degrees. 

Like all other stars the Sun is gaseous throughout; the 
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gas is mainly hydrogen and this is the source of its energy- 
At high tempera Hi res four hydrogen atoms combine to 
produce one helium atom. The helium atom is lighter than 
the sum of the four hydrogen atoms by 0J% and this 
deficiency of mass is turned into energy which passes from 
the interior of the Sun lo the surface in a steady flow. 
Although the Sun has been carrying out this reaction for 
thousands of millions of years It appears that it still con¬ 
sists almost en ti rely of hydrogen - enough to keep the 
process going for thousands of millions more years. 

The description of the source of our power given by 
Miss Payne-Gaposchkin in her brilliant article on the Sun 
(see Further Reading) cannot be bettered 'The Sun, in* 
deed, holds a mirror to the cosmos. Like all other stars it 
is a globe of glowing gas. hotter and denser within. Its 
surface is a seething, surging sea of atoms. Flumes of gas 
float above it; glowing filaments surge upwards: shining 
fountains cascade downwards. Giant tornadoes swirl 
through the surface: spicules rise and dissipate like dart¬ 
ing flames. Dazzling flares blaze up and vanish, A bril¬ 
liant chromosphere rings ii; and around it gleams the 
aura of the corona. Powerful magnetic forces play across 
the surface; atoms and electrons spray into space. As It 
spins on its axis the equator pulls steadily ahead; and 
across its face proceeds the .^Sow rhythm of the sunspot 
cycle, waging and waning every eleven years. The spectacle 
is impressive fn itself. As the mirror of the cosmos it is 
stupendous. Other stars are doing the same things and 
these stellar habits are the duo to their history/ 


The planets 

The early astronomers differentiated between what they 
called the *fiaed stars* and the ‘wandering stars'. We now 
know that the fixed stars are indeed stars but the 'wan¬ 
dering stars' arc not stars at all but are the Sun's planets; 
with the unaided human eye the ancients could see five 
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planets which m order of increasing distance from the 
Sun are Mercury. Venus, Mars, Jupiter and Saturn. 

The invention of the telescope increased the number of 
bodies that could be seen in the heavens and in 17SI 
William Hersriiel announced hb discovery of the planet 
Uranus which is so far away from the Sun that its finding 
immediately doubled the size of the solar system which 
until this time had been thought to have Saturn as its 
outermost planet. 

Later, astronomers and mathematicians began to predict 
that there was yet another plane i still further from the Sun 
than Uranus. They based their predict ions on the fact 
that the path being followed by Uranus did not corre¬ 
spond to its theoretical orbit and they postulated that it 
was being disturbed by some unknown planeu 

Two astronomers. Adams in England and Lcverrier in 
France set out to find it + In August 1S46 Leverrier after 
extensive calculations informed the Academic des Sciences 
in Paris that the new planet lay at a distance thirty times 
greater than the distance of the Earth from the Sun and 
he further predicted the exact position in the sky where it 
could be found. Three weeks later Galle of the Berlin 
Observatory found the planet in this position. Meanwhile 
Adams had reached the same conclusions, but he had some 
difficulty in persuading the Astronomer Royal that he 
was right so there was some delay in searching for it. 
Happily, although there was much acrimony at the lime 
(though not between the two main actors), posterity has 
decided that both Lcverrier and Adams should be given 
equal credit for their part in the discovery. And so Nep¬ 
tune, a i nearly twice the distance of Uranus from the Sun* 
was added to the solar system. 

In the 1920s for much the same reasons that led astrono¬ 
mers to the discovery of Neptune, it began to be sus¬ 
pected that there was yet another planet lying further out 
and its position in the sky was predicted Finding the 
planet was however a much more difficult task because it 
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was so far away, lost in the myriads of stars in the 
heavens. A systematic photographic search was begun by 
a young American, Clyde Tombaugh at Lowell Observa¬ 
tory* Flagstaff, Arizona and on 23 January 1930 he was 
rewarded by a faint spot on his photographic plate. This 
was the new planet, Pluto, and to dale Pluto marks the 
outermost Limit of our planetary system. 

It is interesting that once these three planets Uran ns. 
Neptune and Pluto, had been discovered and charted* 
astronomers going over old records found that they had 
actually been charted in the past though they had been 
mistaken for stars; Uranus more than a dozen times be¬ 
tween 1690 and its discovery in 1781, Neptune three limes 
-twice in 1795 and one in 1845 before its discovery in 
1846, and Pluto four times-in 1919* 1921 and twice in 
1927 before discovery in 1930, 

Thus we have nine planets in the solar system - Mer* 
ctiry* Venus, Earth, Mars, Jupiter, Saturn, Uranus* Nep¬ 
tune and Pluto. They move round the Sun in what are to 
all intents and purposes concentric orbits. Mercury is 
closest to the Sun at 36 million miles, next comes YenuS 
67,2 million miles away and then Earth which is 929 mil¬ 
lion miles distant. Mars is further out at a distance of 
141.6 million miles and then we take a big jump to Jupi¬ 
ter which is 483-3 million miles from the Sun, Saturn is 
nearly twice as fax away again at 886.2 million, miles. 
Uranus twice again at 1783 mill Eon miles. Neptune is 
2794 million miles away and furthest out of ail is Pluto 
at 3670 million miles. 

The diameter of Earth is 7927 miles and very dose to 
this is Venus with a diameter of 7700 miles* Both Mer¬ 
cury and Mars are much smaller having a diameter of 
3100 and 4200 miles respectively. Then we come to ibe 
giant planets Jupiter and Saturn which at 88,800 miles and 
74*200 miles have diameters approximately ten times that 
of Earth, Uranus and Neptune are rather similar to each 
other at 29*300 miles and 27*800 miles diameter respcc- 
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tlvdy. The diameter of Pluto is not known for certain 
though it is thought to be very small. Since 1961 astrono¬ 
mers in vestigating the solar system have had a new weapon 
added to their armoury . It is echo-sounding or as it is 
better known, radar, which consists essentially of beaming 
radio waves on to targets (in this case the planets) and 
then building up a picture of the targets as a result of the 
echoes which are sent back. Using this device much in¬ 
formation has been gained about Venus. Mercury. Mars. 
Radar has the great advantage of not being affected by 
the Earth’s or the planet's atmospheres. 


Asteroids 

In addition to the planets there are some 1500 asteroids 
or minor planets so far discovered which arc mostly con¬ 
tained between the orbits of Mars and Jupiter, although 
some are further out than this. It is certain that there are 
many more of these waiting to be discovered and some 
astronomers have predicted that there may indeed be be¬ 
tween 50,000 and 100,000 of them. 

They are very small, the diameter of the largest one 
known, Ceres, is 437 miles: Pallas is 287 miles: Vesta 240 
miles and Juno 140 miles. These are the only asteroids 
that it has been possible to measure with any accuracy. 
Some of the others are no more than three or four miles 
in diameter. 


The satellites 

In addition most of the planets of the solar system appear 
to have satellites which revolve around them. Thus the 
Earth has one. the Moon. To this Moon must now be 
added the numerous 'artificial’ man made satellites that 
permanently encircle her. Since the launching of the first 
artificial Earth satellite. Sputnik /, by the Russians on 
4 October 1957 more than 2000 artificial satellites have 
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been placed in orbit for military, scientific and communi¬ 
cation purposes. Mars has two satellites plus one ‘artificial’ 
one. Jupiter has twelve, Saturn has ten. Uranus has five 
and Neptune has two. 

The diameter of the Moon is 2160 miles (just over a 
quarter that of Earth). Mars' two satellites Phobos and 
Deimos (the Greek name for Fear and Terror-the 
attendants of Mars) are ten and five miles respectively. 
The former was photographed in detail by Mariner 9. Only 
four of Jupiter's twelve satellites are of any great size. The 
largest of them are larger than the Moon and one of them. 
Ganymede, is as large as the planet Mercury. The targesL 
of Saturn’s ten satellites. Titan, is 3000 miles in diameter 
and the smallest, Phoebe, is 100 miles. 

Saturn Is unique in the solar system in that it has a 
series of concentric rings which are about 170,000 miles 
in diameter and situated in the plane of her equator. These 
can be seen with even a small telescope. There are three 
main rings. Ring A is greyish, ring B is very bright and 
the inner ring C Is dark. It is now known that the rings 
are not either entirely solid or gaseous, since the former 
would be rapidly destroyed by the gravitational pull of 
the planet and the latter k not compatible with its ob¬ 
served opacity. The only reasonable explanation is that 
each ring is made up of millions of tiny particles so small 
and too close together to be seen individually. 

The largest of Uranus’ five satellites, Titania, is 700 
miles in diameter; the smallest, Miranda, is 200 miles. 
The larger of Neptune's two satellites, Triton, is about 
2300 miles in diam eter. The other Nerdd, is about 200 
miles, 

Thus our solar system is made up of the Sun, planets, 
satellites and asteroids spread over an area 7000 million 
miles wide. We should note however that we may not yet 
have determined the ultimate limits of our system and 
time wiJJ tell whether there are still more and farther 
planets lurking beyond our ken. 
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Life in the solar system 

There has been considerable speculation as to the possi¬ 
bility of there being living things on the solar planets in 
addition to those found on Earth. Before going on to 
examine the conditions that are known to prevail on these 
planets let this be said. It is meaningless to consider the 
possibility of there being forms of life with attributes 
which are different from those known to us. This would 
merely lake us into the meaningless land of speculation. 

We must look for forms of life based on the carbon 
atom. There is no evidence that chemicals on other planets 
differ from the chemicals known on our planet and among 
them carbon is unique. Not only can h form long chain 
molecules-carbon joined to carbon joined Eo carbon and 
so on - but these carbon atoms can also form side chains 
with other carbons or with other dements io make up the 
intricate complex chemicals which we know are essential 
to living systems. Thus we look for life based on the car¬ 
bon atom - life similar to our own. 


Conditions necessary for living things 
From our knowledge of the conditions under which living 
things grow on Earth we can list some of the conditions 
that must be satisfied before we can expect to find life on 
other planets. These are: 

(1) Temperatures must mi be too high or too low. The 
molecular arrangement of living mailer is easily upset and 
temperatures of around 100°C will kill most higher forms 
of life and. although the spores (small particles of Living 
material covered by a protective coat) of some bacteria 
will withstand this temperature, all of them will be killed 
on exposure for a short period to 15Q a C 

Low temperatures do not disorganize living systems but 
most forms of life cannot survive and those that do re¬ 
main m a state of suspended animation as their energy- 
liberating enzyme systems cannot |u net ion at low tem- 
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peratures, Many specks of bacteria are however able to 
survive in extreme cold, as low as the temperature of 
liquid hydrogen (—250*0, provided they have also been 
dehydrated in the process of freezing, and then they will 
once again multiply in the presence of water and suitable 
nutrient when the temperature is raised to 25 *C 

The seeds of some of the higher plants can withstand 
very low temperatures; for example seeds o! the annual 
sunflower (native home USA), of Convolvulus tricolor 
(from southern Europe) and Balsam (from tropical Asia) 
and of other plants have been subjected for more than 
four days to the temperature of liquid air (- LE3*C to 
- 192*C) and have germinated normally when returned 
to normal temperatures. Some seeds have been germin¬ 
ated after maintaining them for one to six hours at Lhe 
temperature of liquid hydrogen (-ISG^Cl These seeds 
included large types such as peas and marrow-pips as well 
as the very small seeds of Mmudus moschatus* This 
power to withstand very low temperature is due to the 
low water content of these seeds. If wetted they become 
veiy susceptibtc to such low temperatures, possibly due 
to the damage caused to their tissues by ice crystals. 

(2) A supply of oxygen is necessary for all animal and 
most plant life. The oxygen is needed for the breakdown 
of food with the consequent yielding of energy which is 
used for the numerous activities of the living organism- 
moving, growing, reproducing and so on. 

Some bacteria and many yeasts can live and grow In 
the absence of oxygen, and indeed to some species of bac¬ 
teria the presence of oxygen is poisonous and they can¬ 
not survive for Jong in a normal atmosphere containing 
20% oxygen. They are said to live anaerobically and they 
obtain their energy from foodstuffs not by using oxygen 
but by fermentation. This process does not however yield 
as much energy from a given unit of foodstuff as does the 
reaction using oxygen. This probably accounts for the fact 
that all higher forms of life, plant and animal, normally 
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require oxygen though some-especially in the plant 
world-can survive for a short period by living anaerobic¬ 
ally In the absence of oxygen* 

(3) A supply of carbon dioxide is needed by most forms 
of plant life in order to build up foodstuffs such as sugars* 
and through them starches, fats and proteins* by the pro¬ 
cess known as photosynthesis. All animals require these 
foodstuffs that have been built up by plants. 

(4) The presence of water either in Ehe liquid form or 
as water vapour seems to be essential for both plant and 
animal life although, as we have noted above, some forms 
and some seeds can survive in the virtual absence of water. 
Some bacteria, algae, lichens and mosses can survive in a 
dry state for many years, and they will grow again when 
moisture is provided. 

(5) Most gases such as ammonia* chlorine, carbon mon* 
oxide and hydrogen sulphide are poisonous to most forms 
of life: although their presence in an atmosphere would 
not prove conclusively that there could be no life there, 
it would be strong presumptive evidence- 

Could there be tile on the planets? 

Let us now look aE some of the planets to see if any of 
them could possibly support life. 

Nearest to the Sun is Mercury. Because of the way in 
which it moves round the Sun only a little more than 70% 
of its globe is visible from the Earth, the other 30% re¬ 
maining in eternal darkness. The surface temperature is 
about 4!0 D C. Water therefore could not exist even as a 
vapour in the thin atmosphere which may surround the 
planet and because of its low mass it is very unlikely that 
Mercury retains any atmosphere at all Some of the sur¬ 
face markings on the planet become obscure from lime to 
time as if covered by a whitish veil and although early 
observers fell that these veils might be evidence of water 
vapour it is now considered that they are probably fine 
dust clouds- In March 1974 the spacecraft Mariner 10 
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passing within 21,700 miles sent back pictures showing that 
its surface b heavily cratered and covered by low MUs. Be¬ 
cause of its high temperature and its lack of water ii is 
impossible for any form of life to exist on Mercury, 

Of all the planets Venus most nearly resembles the 
Earth in size and mass. At first sight indeed Venus and 
the Earth are almost perfect twins. But appearances are 
deceptive. On the 14 December 1962 the Americans sent 
a space probe (Mariner 2) on a 180 million miles journey 
to Venus. The trip took 109 days and the probe passed 
within 21,648 miles of the surface of the planet. This and 
other instrumented flights such as Mariner 5 by the Ameri¬ 
cans and the Russian atmospheric probes Venera 4 , J > 
6 and 7 have indicated that the surface has a temperature 
of about 485*C, hot enough to melt lead, and Et could not 
possibly sustain life. Apparently there is also very 1 little 
water vapour in the atmosphere - Jess than a thousandth 
of the Earth's atmosphere. The dense atmosphere is made 
up mostly of carbon dioxide with a little nitrogen and a 
trace of oxygen and the surface pressure h about 100 
times as great as Earth's atmospheric pressure, A Russian 
spacecraft reached Venus on 22 July 1972 and transmitted 
Information for 50 minutes. 

Mars is the fourth planet from the Sun. It is sometimes 
known as the red planet and no doubt this redness sug¬ 
gested its identification with the great Roman god of war. 
Under good conditions a great deal of detail can be ob¬ 
served on the surface of Mars. Some three-fifths of the 
surface is reddish in colour and this is probably due to 
iron oxide. Standing out clearly in contrast to this are 
dark markings which are grey or slightly green. Another 
very characteristic feature is the two white patches which 
occupy the polar regions of the planet. At one time it was 
thought that these caps were made up of ice but it is now 
fairly certain that they consist of frozen carbon dioxide 
and are very thin. 

Mars has very little atmosphere and it consists chiefly 
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o! carbon dioxide. There is no appreciable amount of 
water and it appears that unlike Earth there is no nitrogen. 
The average surface temperature is well below freezing 
point although there is considerable variation, in the Mar¬ 
tian tropics the highest temperature may be well above 
zero reaching 10-30* C Toward evening the temperature 
drops sharply and at sunset is down to zero. During the 
night there is a further fail down to -40*C and at sun¬ 
rise the recorded temperatures are —20 fi C to —30*C. 
These great variations in temperature are proof of the thin¬ 
ness of the atmosphere and of the almost complete ab¬ 
sence of water. The surface is being constantly bombarded 
by radiation from the Sun creating conditions which would 
make life impossible. 

In 1877 the astronomer Schiaparelli from the Milan 
Observatory reported a system of lines linking one dark 
spot eo another covering the surface of the planet like a 
network. These were given the name "canals" and have 
been so know'll ever since. This is an unfortunate tide be¬ 
cause from there it was but a short step to proposing that 
these canals were made by Intelligent beings on the planet 
The American Mariner 4 spacecraft tn 1965 after its 287 
million miles* 167 day journey sent the first television pic¬ 
ture of Mars which showed the surface to be covered by 
circular craters very much like the Moon with little trace 
of these straight lines or canals. Four years later 
the pictures sent back by Mariner 6 and Mariner 7 showed 
that the surface was not uniformly cratered but that large 
areas of it were rather chaotic with large volcanoes and 
canyons. These pictures have been confirmed by the robot 
Mariner 9 which was put into orbit around Mars in Nov¬ 
ember 197F Mariner 9 thus became, by the way, the first 
man made satellite of another planet. In Its orbit it came 
at its nearest point to within 1000 miles of the surface 
and 10.000 miles at Its most distant. 

Some astronomers have interpreted its findings as indi¬ 
cating that Mars is just beginning to "boil" inside, going 
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through a phase similar to one that the Earth went 
through early in its history. They believe also that the thin 
atmosphere may just be the beginning of a ‘real' atmo¬ 
sphere. 

The Russians tanded a capsule. Mars 3 , on Mars in 
1971 but unfortunately soon after landing it ceased to 
transmit, Wc eagerly await the arrival on Mars of the 
four Russian space probes now on their way. The Russians 
may find it possible to obtain samples of material from 
Mars around 1980 and manned landing by either the 
USA or the Russians is possible in the 1980s. 

Compared with fixe other members of the solar system 
Jupiter is a giant, being 11.2 times the diameter and more 
than 1300 times the volume of the Earth. It is however 
surprisingly light in density its mass being only 318 times 
that of Earth. The force of gravity is such that a 12 stone 
space traveller would find that his weight was nearly 32 
stone on Jupiter. 

Because of its great size Jupiter is a brill tarn object in 
the sky and one of its most characteristic features is a 
scries of belts encircling the globe parallel to the equator. 
They can be readily seen by telescope and they consist of 
atmospheric not surface features. They are of different 
widths and shading and variations in colour appear rang¬ 
ing from pink to purplish brown. Another marking is the 
Great Red Spot which is about 30,000 miles long and 7000 
miles wide. Its nature is unknown but it drifts in longi¬ 
tude, having been observed to drift almost 44.000 miles in 
fourteen years. There are times when it loses its reddish 
colour and becomes a greenish white which is only just 
visible. 

The planer has got a very thick atmosphere which con¬ 
tains large quantities of methane and ammonia, and hydro¬ 
gen and helium arc probably also present. The most recent 
theories picture Jupiter as consisting of a targe inner cave 
of ice (under Immense pressure) surrounded by a vast 
ocean of compressed and Liquified hydrogen and helium 
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merging into an atmosphere of hydrogen. In this atmo¬ 
sphere clouds ol methane and ammonia, violently churned P 
form the belts and spots visible from the Earth. Because 
of its immense distance from the Sun the temperature of 
the planet is in the region of —130® C to -155 s G Pioneer 
JO reached its closest point to Jupiter on 4 December 1973 
after a journey of nearly mo years and a stream of colour 
pictures were sent back to Earth, it is the first probe to 
penetrate beyond Mars and it b now speeding on its 
journey out of the solar system. In ihe hope that it may be 
picked up by intelligent beings* Man has included his 
Visiting card 1 - an en^aved plaque showing where the 
probe has come from and including outline drawings of a 
man and a woman. 

After Jupiter* Saturn Is the second Largest planet in the 
solar system being 9,4 times the diameter and 744 times 
the volume of the Earth, Like Jupiter It is of very low 
density and the surface gravity is probably only about one 
fifth more than it is on Earth. We are never closer to 
Saturn than 750 million miles so, in spite of its great size* 
it never appears any more than a small disc. As mentioned 
earlier, one of its distinctive features is the series of con* 
centric rings which are probably made up of fine debris. 

Like Jupiter it has a series of belts running parallel to 
the equator but they do not stand out quite so clearly as 
those on Jupiter. The bright equatorial region is pinkish 
in colour while the belts are brownish grey. The polar 
regions are bluish. The surface is probably extremely un¬ 
stable being made up of gas which liquifies towards the 
inside of the planet. The temperature has been estimated 
as approximately — I5Q a G and there is both ammonia and 
methane Ln the atmosphere. Because of the very low tem¬ 
perature. however, it is thought that the ammonia must be 
in solid form and that certain large white spots which are 
sometimes seen in the equatorial region might be “ammonia 
snowstorms 5 . As in the ca.se of Jupiter we cannot even 
imagine what the outer layers of the surface of Saturn are 


45 


The Solar System 

Hke except that they are quite unlike anything here on 
Earth. Saturn may be investigated by probes in 1977. 

It is of interest to note that one of Saturn's satellites - 
Titan - possesses an atmosphere which is very similar in 
composition to that of Saturn itself. This is the only re¬ 
corded case of a satellite having an atmosphere of any 
importance. 

Although classed among the giants of the solar system, 
Uranus Is much smaller than cither Jupiter or Satum. Its 
diameter is about four limes, but its density only about a 
quarter that of Earth, but being so very far away it is 
practically invisible to the naked eye. When viewed 
through a good telescope it appears to be greenish-blue in 
colour. In constitution it is probably very similar to Nep¬ 
tune and Jupiter having an atmosphere made up of a thick 
cloud of methane and above this an atmosphere of hydro¬ 
gen. The temperature is about - 160°C so that ammonia 
if present must be in the solid state. 

Stratoscope II. a telescope 36 inches in diameter borne 
aloft in a balloon in January 1973, has obtained the first 
high resolution pictures of the planet at an altitude of 24 
kilometres. This is above the altitude where our atmo¬ 
sphere interferes with the view. 

Neptune is very similar to Uranus in size having a dia¬ 
meter of 27,800 miles against Uranus’ 29.300. In mass it 
is about seventeen times that of the Earth. Because of the 
great distance from the Sun it has a very low illumination 
and because of its great distance from the Earth it is quite 
invisible to the naked eye, A good telescope reveals that 
it is of a greenish-blue colour, rather similar to that of 
Uranus but little detail can be made out. It appears to 
have dark belts running parallel to the equator like those 
of Saturn, Jupiter, Uranus and Neptune, it has also got a 
similar atmosphere made up largely of methane. Because 
of the low temperature - 17Q D C much of the methane gas 
has probably turned to liquid, whilst h is said that at 
this temperature most other gases will have solidified. 
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Very little is known about Pluto whose orbit, as we have 
noted, forms the furthest boundary of the solar system. 
It is such a faint object that a very large telescope is re¬ 
quired to see it at aJL Its diameter cannot be measured 
directly though it has been estimated to be about half 
that of Earth. It has about one tenth of Earth's volume 
although its mass is probably about the same as Earth's 
suggesting that it may be about ten times as dense. All of 
the above is however uncertain and at best a good guess. 
It has also been suggested that Pluto is covered with liqui* 
fied or frozen atmosphere smooth enough to act as a sort 
of mirror. There are some who, because of its orbit, be¬ 
lieve that Pluto is an escaped satellite of Neptune. Because 
of its small size Pluto belongs to the group of terrestrial 
planets - Mercury, Venus, Earth and Mars-rather than 
the gaseous planets-Jupiter, Saturn. Uranus and Neptune. 

It is possible that the whole solar system will have been 
explored by automatic probes by the end of the twentieth 
century. 

Meteorites 

Apart from probes and the spectroscopic examination of 
planets to determine if conditions might be suitable for 
Living things there is yet another way of looking for 
life beyond planet Earth. It is by the examination of 
meteorites. 

The objects known as meteors are well known. These 
are seen as brilliant flashes of light, 'shooting stars', that 
pass across the night sky. They arc caused by materials 
from outer space which in the course o! passing through 
our atmosphere arc heated to a brilliant Incandescence. 
They cannot be seen so long as they are beyond the 
Earth's atmosphere and they become visible only when 
they enter it. Generally these bodies arc burned out be¬ 
fore they reach the surface of the Earth but some survive 
and land on the earth as lumps of stone or metal Such 
survivors are known as meteorites. 


The Solar System 47 

The fall of a meteorite is a relatively rare event since 
in most cases they arc vaporized before they reach the 
Earth's surface. It has been estimated that those weighing 
say 5 tons in space and yielding a meteorite of 1000 lbs on 
Earth occur at the rate of about two every 3 years over 
the area of the United States, Estimates have been made 
of the rate of occurrence of really large ones. e,g, 50 Eons 
in space yielding a meteorite of a few tons on arrival and 
it has been determined that these occur at the rate of 
about one every 30 years over the whole of our globe. 

Some enormous meteorites have been recorded. For 
example the Meteor Crater in the Arizona Desert is a 
roughly circular pit 4200 feet hi diameter and about 570 
feet deep and must have been formed by an enormous 
meteorite which may lie buried in fragments hundreds of 
feet below the surface. 

One fall that occurred on 30 June [90S in Siberia was 
described by onlookers as *a ball of fire across the sfcy* 
followed by an enormous crash. Explosions were heard 
up to a distance of 600 miles away. At distances of 100 
to 150 miles men and horses were blown over. Enormous 
waves formed on the rivers, houses collapsed. At a dis¬ 
tance of 25(J miles from the point of impact a jet of flames 
was observed which must have been 12 miles in height 
The remains of the meteorite itself have never been found 
but it has been estimated that its total mass could not 
have been less than 40,000 tons. The largest meteoric 
mass so far discovered, in French West Africa, is estimated 
to weigh a million tons. 

The composition of meteorites is varied but no new or 
unknown chemical element has been discovered. The most 
frequenEly occurring elements are iron, oxygen, nickel, sili¬ 
con* and magnesium. Some also contain various gases, 
such as hydrocarbons, carbon monoxide, nitrogen and 
hydrogen. Their origin is however still a mystery. 

In March 1961 three scientists, Nagy, Hennessy and 
Meiuschein* analysed a .sample of a meteorite which 
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landed at Orgueil in France in 1864. It belongs to a special 
class known as the ‘charcoal meteorites' because they are 
composed of friable material which breaks up readily. 
They are rather rare. 

The scientists reported that the volatile portion of the 
organic matter that was present consisted largely of the 
group of chemicals known as saturated hydrocarbons 
which resembled the hydrocarbons in the products of liv¬ 
ing things on Earth and they suggested that they had prob¬ 
ably been made by living systems on other worlds. The 
chemicals were present in such amounts as to rule out the 
possibility of their being contaminants picked up by the 
meteorite after it entered the Earth's atmosphere. 

There were questions however as to whether they had 
been formed by living processes. Some scientists suggested 
iha t such organic materials might have been the fore¬ 
runners of living things both in other worlds and here on 
Earth. As we shall see in the following chapters there is 
fairly strong suggestive evidence that living things did come 
into being via organic chemicals formed here on Earth. 

Nagy and his workers went even further and announced 
in November 1961 that they had discovered ‘microscopic 
sized particles' resembling fossil algae in relatively large 
quantities in some of their meteorites. Some of these re¬ 
acted to biological dyes which are used to determine the 
presence of nucleic acids which are vital to living things. 

The presence of these materials was not questioned. 
What was questioned was their origin and serious doubt 
was thrown on their eatra terrestrial origin when one of 
these organized elements which had been photographed 
and published by Nagy was shown by another worker to 
be ragweed (Ambrosia eiatior} pollen-presumably picked 
up on Earth. 

The claim by Dr F. D. Sister of the US Geological Sur¬ 
vey to have grown living microbes from these meteorites 
was not questioned either but again the possibility of any 
living organism surviving the intense heat of the meteor's 
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passage through our atmosphere is next to impossible and 
it is generally agreed that these microbes grown by Sister 
were contaminants picked up by the meteorites on Earth. 

We are left then after this rather brief survey of our 
universe with the conclusion that no living things have yet 
been detected beyond the. planet Earth. Furthermore the 
possibility is remote that there are any living things on 
any of the planets or other bodies of the solar system but 
that on statistical grounds there is good reason for believ¬ 
ing that the universe might be teeming with life. One planet 
that is certainly teeming with life is Earth and we shall 
go on to examine it in our next chapter. 
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3, The Planet Earth 


The Earth - some statistics 

Birth, the third plane! in the solar system, lies between 
Venus and Mars. It is roughly ellipsoidal in shape, the 
slight bulge al the equator being approximately what we 
would expect to find in a rotating fluid- This equatorial 
region has bulged out under the force of the spinning earth 
and the polar regions have become proportionately flatter. 
The total volume of the Earth is 260.000 million cubic 
miles and it weighs 5887 trillion tons. At the equator the 
circumference is 24.902 miles, it mates one complete 
revolution round the Sun every 365 days. 5 hours. 48 
minutes 46 seconds and one complete notation on its 
axis in 23 hours 56 minutes at a speed of more than 1000 
miles per hour at the equator. Further north and south 
the rate is slower, e,g. at the latitude of the United King¬ 
dom the speed is about 700 miles per hour. 


Formation of the Earth 

In common with the other planets of the solar system it 
seems clear than planet Earth was formed by an accre¬ 
tionary process as dust particles collided and joined to¬ 
gether. The process is still continuing and Earth picks up 
about fourteen tons of cosmic dust each year. The original 
Earth was not a molten mass as was once thought. It was 
a cold body which later became hot and probably molten 
due to the activity of radioactive chemicals trapped in¬ 
side it* 


Radioactivity 

Radioactivity consists in the transformation of one ele- 
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merit into another with a consequent release of energy. 
For example uranium is changed through a series of decay 
processes into radium and then by further decay pro¬ 
cesses into lead* energy being released at every step. In a 
similar way potassium decays to form argon and rubidium 
decays to form strontium. These radioactive decay pro¬ 
cesses are not affected in any way by the environment. They 
continue at a set unchanging pace, no matter what other 
changes are taking place around them. This means that 
we have a steady and reliable dock to measure past ages. 
The lead that is produced from uranium can be readily 
identified as being different from the lead that occurs 
naturally and so if we find a rock containing both 
uranium and this ‘special* lead, knowing the rate of decay 
of uranium, we can then calculate how long it has taken 
the uranium to produce the lead deposit. 

Using this method geologists have been able to make a 
fairly accurate guess as to the age of the Earth. Recent 
estimates suggest that it is in the region of 5000 million 
years old. Most of the heat flowing out of the Earth is pro¬ 
duced by the radioactivity of uranium and thorium These 
radioactive materials are, probably strongly concentrated 
in the outermost layer of the Earth. If they were deeper 
in then much of the heat would be trapped and the Earth 
would melt. 


Inside the Earth 

Our knowledge of the inside of Earth is still hazy and much 
of the information that we have got comes from a rather 
surprising source - earthquakes. 

Each year our planet is shaken by ten or more major 
earthquakes and even the smallest of these releases about 
a thousand times more energy than an atomic bomb. The 
earthquake causes shock waves which travel through the 
Earth and the measurement of the path of these waves 
give us a picture of the Earth's interior. 

There are three main types of shock waves; primary 
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waves which are compression and expansion waves rather 
Itke those of sound. They travel through both the solid and 
liquid pans of Lhe Earth; secondary waves which vibrate 
at right angles to the direction of travel as light waves do. 
These waves can pass through solids but cannot pass 
through liquids; surface waves which appear in the upper 
twenty miles or so of the Earth's surface radiate out 
rather like the ripples on a pond when one throws a 
pebble into the centre. 

The speed of travel of these various waves varies with 
the depths from which they are coming, e g. primary waves 
travel at their maximum speed -84 miles per second at a 
depth of 1300 miles and at about 3 miles per second in 
rocks nearer the Earth “s surface. Secondary waves travel at 
about two-thirds the speed of primary' waves. Both 
primary and secondary waves are deflected when they 
encounter boundary layers within the Earth. 

Scientists have made great use of all this information to 
construct models of the interior of the Earth. There is a 
large central core which has a diameter of about 4320 
miles and whose boundary lies about 1800 miles below 
the surface. This core is not uniform. The innermost part 
which has a diameter of about 1600 miles is solid* twice as 
rigid as steel, and is probably made up of iron and nickel. 
The outermost part of the core* rather surprisingly, appears 
to be liquid, ‘This has been long assumed to be made up of 
iron and nickel loo but suggestions have been put forward 
that it may be compressed hydrogen. 

AIJ of the Earth outside the core is termed the mantle 
and this mantle (except for the oceans and volcanic 
patches) is solid. This Ls shown by the fact that both 
primary and secondary shock waves pass through it It is 
no! however completely uniform because there is an 
important boundary just twenty miles below the surface 
of the eartk From this boundary to the surface is known 
as the crust. 

This twenty miles of crust is made up of three kinds of 
rocks. On the outermost surface there are the sedimentary 
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rocks such as Lhe sandstones, limestones, shales and clays 
which are the hardened, compressed remains of sediments 
laid down by ancient rivets* seas and glaciers. They may 
be flat as in the great plains or thrown into great con* 
voluted folds as in our mountain chains. Beneath the sedi¬ 
mentary rocks lie the metamorphic rocks. These are sedi¬ 
mentary rocks that have been "metamorphosed 1 or altered 
by intense heat and pressure They include the schists, 
gneisses, quartzites and the slates. Beneath the meta- 
morphic rocks and extending right down to the boundary 
layer are the plutonie or igneous rocks made up largely 
of granite. It is not known how these igneous rocks have 
been formed but it is thought likely that they have crystal¬ 
lized out from molten rock deep in the crust 


Pressures ami temperatures 

The densities, pressures and temperatures that appear to 
be present in the Earth are rather staggering. For example, 
some 200 miles down in the Earth the pressure is about 
IOQpGOQ atmospheres and at the junction of the mantle and 
the core the pressure is 4 million atmospheres. Within 
the core it is probably about 4 million atmospheres. These 
pressures can be compared with the pressure at sea level 
which h l atmosphere. 

The measurements of temperature are less certain than 
those of pressure. As erne goes down a deep mine the tem¬ 
perature rises 30 a C for every mile in depth. Judged on 
this basis, this would mean that the temperature at the 
centre of the earth would be 10X000" C It is now thought 
however that there is not a steady rise with mileage and a 
figure of about 6000°C is a more reasonable estimate* 


The shape of the surface 

The surface of the Earih is very irregular, ranging from 
Mount Everest on the border between Nepal and Tibet 
which b 29,028 feet above sea level to the depths of the 
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Marianas Trench oS the Philippines in the Pacific Ocean 
which goes down to 36,198ft below sea level. 

The problem of the form alien of the mountains remains 
one of the great unsolved questions of physical science. 
A number of theories have been put forward suggesting 
that various agencies have been at work. Among these is 
the idea that contraction has probably played an important 
pan. lust as an apple develops wrinkles on its skin as it 
dries out so it is suggested the Earth’s crust wrinkled in a 
similar way as the cooling process set in. following in the 
wake of intense beating by radioactivity. Furthermore, if 
the mantle was at one time a viscous fluid., then the heat 
emanating from below would set up convection currents 
leading to ‘swellings’ appearing on the Earth’s surface. 
With changes in temperature there would also be profound 
changes in the crystalline structure of the minerals which 
could lead to large vertical displacements. Localized 
melting of certain minerals would also be very important 
so that the lighter components might gradually make their 
way through the overlying layers to the top and accumu¬ 
late on the surface. On the whole we find that the lighter 
compounds are more concentrated in the crust, there being 
fairly high concentrations of compounds of sodium, 
magnesium, aluminium and calcium. 

It seems likely that as the Earth cooled so the water, 
which had originally evaporated off to form clouds, began 
to fall until the whole planet became ocean. Beneath the 
water the continents began to rise due to stresses and 
strains such as those described above. Even today more 
than 70% of the Earth’s surface U covered with water. 
The Pacific Ocean alone covers an area of almost 64 
million square miles. In total, the water surface of the 
Earth is nearly 140 million square mites compared with a 
total land surface of 57} million square miles. This land 
surface is made up of seven continents - Africa, Antarctica. 
Asia, Australasia. Europe, North America and South 
America. It appears however that the Land masses were 
not always as they are now. 


55 


The Planet Earth 

Continental drift 

la 1620 Francis Bacon discussed the possibility that the 
western hemisphere had once been joined to Europe and 
Africa and in 1858 Antonio Snider noticing that the fossils 
from the same period in both America and Europe were 
very similar proposed that all the continents of the world 
had, at one lime in the past, formed a single land mass. 

Towards the end of the nineteenth century an Austrian 
geologist. Eduard Suess. noted that all the geological for¬ 
mations of the southern hemisphere were very similar to 
each other and be proposed that at one time South 
America, Africa and Australia had fitted closely together 
to form one moss for which he proposed the name 
Gondwanaland By this time the fitting together of con¬ 
tinents had become a geological exercise and in I DIO a 
German. Alfred Wegener, put forward proposals suggest* 
ing how die various continents bad drifted apart by lateral 
displacement of the Earth’s crust. He suggested that all the 
preset)! day continents had been si one lime joined to- 
gether to form a super-continent which he called Pangaea. 
This raised considerable discussion but the general con* 
sens us of opinion among geologists was lhat it was non¬ 
sense. Wegener died in 1930 with his views unaccepted. 

It was not until after 1945 that geologists began to look 
a gain at Wegener's work and to investigate with sophisti¬ 
cated instruments the theories that he put forward. Today 
as a result of evidence from many sources his theory is 
almost universally accepted and the theory' of the evolution 
of continents by drifting has become as exciting an idea as 
Darwin's Origin of Species. Harry Hess and Robert Dietz 
in the United States suggested that great rifts appeared in 
the sea floor and through these rifis material from the 
Earth's interior welled forth, solidifying, spreading the sea 
floor, thus carrying or pushing the continents ahead of 
them This created considerable interest and evidence of 
such movement came from the study of magnetic fields — 
these are the magnetic lines of force that run between the 
north and south poles. They magnetize the rocks that they 
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pass through and thus leave a permanent record of their 
passage. Studies of these magnetic fields indicated that 
continental drift must have taken place. The poles Ln 
England's rocks could be precisely matched to those of 
North America only by closing up the Atlantic. 

Further evidence from study of the Earth's magnetic 
field indicated quite dearly that the Atlantic Ocean was 
opening at the Tate of one to two inches per year. Further 
evidence has come from computer studies on the "fit' of 
various continents comparing not today's coastlines but the 
continental slopes in the oceans. The fit is quite remark¬ 
ably good. The rock strata of the west coast of Africa 
have also been compared with the east coast of South 
America. The matching of the rock is quite remarkable, 
even including gold and tin layers. Furthermore fossil 
finds in Antarctica indicate that reptiles found there arc 
identical with those found in Africa, India and China 
indicating that these continents and countries were at one 
time joined together. 

Taking all of this evidence together it seems to be in¬ 
disputable that Pangaea existed. Also some scientists as a 
result of all the evidence that has been accumulating have 
been able to describe what happened. The following quote 
is from a fascinating article by Samuel Matthews In the 
Notional Geographic of January 1973, 'North America 
and Africa separated 180 to 200 million years ago", says 
Walter C. Pitman II. *A rift between Africa and South 
America appeared about 135 million years ago. Finally 
North America parted company with Europe only about 
SO million years ago/ 

‘Pangaea split into two blocks- Laurasia in the north 
(North America, Europe and Asia). In the south was 
Gondwanaland (Africa. South America, Antarctica, 
Australia and India). Then South America began sliding 
westward. Africa parted from Antarctica. India broke free 
and sailed 5000 miles north. It collided with Asia only 
some 40 million years ago. The collision uplifted the 
high Tibetan Plateau and raised the Himalayas/ 
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The sea-going drill tower Gbrnar Challenger, drilling 
rock and mud, has proved beyond reasonable doubt that 
Africa, moving northwards. Is closing the Mediterranean 
Sea. But just as seas and oceans are being dosed so new 
ones are being opened up. It has also been calculated that 
die site of Los Angeles is moving towards that of San 
Francisco at the rate of two inches per year. The sites, at 
present 350 mites apart, will meet ten million years from 
now. Geologists as yet do not know what causes con¬ 
tinents to move The solution of this problem is going to 
be one of the great discoveries of this century. 


The atmosphere 

The atmosphere is the envelope of gas around the Earth. 
At the Earth's surface it is made up of 78% nitrogen and 
21% oxygen, with the remainder being made up of traces 
of carbon dioxide and hydrogen together with some of the 
heavy gases such as argon, neon, krypton and helium. 
The amounts of water vapour vary from area to area and* 
indeed, above 10 miles, water vapour is pracdcally absent. 

The pseotis constituents remain fairly constant up to a 
height of 44 miles while traces of air have been detected 
well over 600 miles up. At about 10 miles up, due to the 
action of ultra-violet light on oxygen, a layer of ozone is 
formed. As we shall see in the next chapter this ozone 
layer is very important in protecting living things from 
the harmful effects of ultra-violet rays from the Sun. 

The atmosphere is made up o! four layers: 

(1) The troposphere. This is the lowest main layer 
extending in temperate regions to about 7 miles up; in 
polar regions to 4-5 mites and in equatorial regions to 
10-12 miles. The temperature falls with height by an 
average I0X per mile (with small variations). The level at 
which the temperature ceases to drop and becomes stable 
is called the tropopause and here the temperature varies 
from -SOX near the equator to -40X to -60X near 
the poles. Most weather b generated in the troposphere. 
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(2) Above the tropopaare is the stratosphere which 
extends upwards for about 30 miles. This is a very stable 
region where the temperature remains fairly constant. At 
the uppermost part of the stratosphere (the stratopause) the 
temperature is about 0*G 

(3) Upwards from the stratopause is the mesosphere 
where the temperature decreases again with height to a 
minimum of — 90°C at about 50 miles. 

(4) Above this cold layer is the thermosphere in which 
the temperature increases with height and reaches over 
UXXTC before merging with the milled matter of inter* 
planetary space. The thermosphere is included in the iono¬ 
sphere which extends upwards for about 300 miles, The 
ionosphere is the region where radiation from the sun 
partially ionizes the gases. i,e. it strips off the outer elec¬ 
trons from their molecules so that the molecules become 
positively charged. This layer reflects radio waves of short 
wavelengths and so makes long distance radio communi¬ 
cation on Earth possible. 


Quods 

As we have noted, the amount of water vapour in the 
atmosphere is variable. It is derived from the evaporation 
0 f the seas, rivers and lakes of the world and its concen¬ 
tration depends on the temperature of the air The higher 
the temperature then the more water vapour the air can 
hold. Water vapour is invisible but when the temperature 
falls below a certain level then it condenses around dust or 
other tiny particles in the atmosphere and becomes visible 
as ice crystals or droplets of water. Clouds are made up of 
such crystals and droplets. The form that the cloud takes 
depends upon the altitude (and therefore the temperature) 
at which it is formed. Thin filaments of cirrus, made up of 
tiny crystals, occur at an altitude of some 30,000 feet. At 
3000 feet the clouds are of the dark nimbus (the rain 
clouds) and cumulus (cotton wool) types. Intermediate 
types occur between these levels. 
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Clouds serve not only as reservoirs of water but they also 
provide a protective blanket. They shield the Earth from 
the intense rays of the Sun and they prevent excessive 
heal loss from the Earth's surface. 

According to Dr Helmut Landsberg, who is Director of 
Geophysics at the Air Force Cambridge Research Centre, 
the atmosphere has not always been as it is now, Not only 
has it undergone dramatic changes in the past but it is 
still changing. There is much less hydrogen and heavy 
gases in the Earth's atmosphere than on other planets; 
oxygen, nitrogen, carbon dioxide and water vapour occur 
in much greater amounts. It would seem that Earth must 
have lost much of its heavy gases at some stage in its 
evolution. 

In order to do so its temperature must have been higher 
than now; it must indeed have been in the region of 
14.5Q0T. At this temperature all of the other gases such 
as carbon dioxide and oxygen would escape too so that 
the Earth would lose all of its atmosphere. As the molten 
rocks cooled, however, a new atmosphere would be formed 
by gases such as carbon dioxide, nitrogen and water 
vapour, which had been dissolved within the rocks, being 
released. At this stage the surface temperature would be 
several hundred degrees Fahrenheit. According to Dr 
Landsberg, this atmosphere would be rather similar to the 
conditions found around present-day active volcanoes. 

One point worthy of note is that in this early atmosphere 
there was no free oxygen. Where did it subsequently come 
from? A little would come from water when high tem¬ 
peratures would split some of the molecules into hydrogen 
and oxygen but this would probably be promptly taken up 
by the rocks in oxidizing processes akin to the rusting of 
iron. As we shall see in the next chapter it is now generally 
accepted that almost all of the oxygen in our present day 
atmosphere has come from plant-life. When there were no 
plants there was little or no oxygen. 

Let us follow our primitive atmosphere as further cool¬ 
ing took place. At around 700 D F. liquid water could exist 
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simultaneously with vapour. With further cooling, more 
liquid water would be formed from vapour and the rains 
would begin. These torrential rains probably fell for 
centuries and formed the oceans of the world 
Dr Landsberg also discusses why our Earth is now able 
to retain its present atmosphere. Why do the gases not 
go streaming off into space as in the past? Two factors 
control the escape of gases from Earth. One is the tem¬ 
perature and density of the gases. The other is the gravita¬ 
tional pull of the Earth. In order to overcome this puli and 
escape into space we know that a body shot upwards must 
go faster than 7 miles per second. The average velocity 
for hydrogen in the Earth’s atmosphere is 1£ miles per 
second; for nitrogen and oxygen J mile per second. The 
speed and direction of the molecules making up the gases 
is determined by temperature and density. At a tempera¬ 
ture of 2370"F (which is probably the temperature 1S5 
miles above the earth) it would take about 4000 years for 
most of the hydrogen to escape: but for nitrogen it would 
take 10 v years and for oxygen Iff'. It looks as if they 
are both going to be around for a very long time to come! 
It is of interest perhaps to note that the highest tempera¬ 
ture recorded on Earth in modern times is I36A S F at 
Aziza in Libya. The lowest is — 125.3 e F at Voslok in 
Antarctica. 


The Moon 

In July 196$ Man landed on the Moon, Apollo ft 
traversed the 238,900 miles from Cape Kennedy and the 
two American astronauts Neil Armstrong and Edwin 
Aldrin became the first men ever to step on land other 
than Earth. The dream of centuries was realized and 
Earth’s nearest neighbour could now be subjected to 
detailed analysis. Proof had replaced speculation. 

The moon landing was the culmination of a process that 
began in 1957 when the first artificial satellites were placed 
in orbit round the Earth and in those eleven years the 
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pace of development has been breathtaking. On 13 
September 1959 the Russian Lunik 2 crash landed on the 
Mare Imbriurn and a month later Lunik 3 gave us a view 
of the far aide of the moon-a side that had remained 
hidden from Man since the beginnings of time. Since 1957 
until 1969 no less than 34 spacecraft - American Rangers, 
Surveyors and Orbiters and Russian Lunas - have fob 
lowed in the wake of the first. Seven have made soft 
landings. 

Since 1969 there have been manned landings by the 
Americans and in November 1969 the Russian Luna 17 
delivered to the surface of the moon a remote-controlled 
vehicle Lunokhod which drove around the lunar surface 
for a few months, radioing photographs and scientific 
observations back to Earth. 

As a result of the satellite programme the entire surface 
of the Moon - front and back - totalling 3£ million square 
kilometres in area, has been photographed in considerable 
detail so that together with the information brought back 
from the manned landings and sent from Lunokhotl we 
now know nearly as much about the surface of the Moon 
as we know about the surface of the Earth. 


Some statistics 

The Moon has a diameter about a quarter that of the 
Earth and a surface area Jess than half that of the Atlantic 
Ocean. Its gravitational pull is about one sixth that of 
EarthY The rock samples that have been brought back 
indicate that it k about the same age as the Earth and the 
surface materials are similar to volcanic basalt Unlike the 
centre of the Earth however the interior of the Moon 
seems to be cold and solid 


The origin of Hie Moon 

ITie origin of the Moon is a problem that has long intrigued 
scientists. Was it once part of the Earth until it was torn 
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out of the Pacific Ocean? Were both Earth and Moon 
formed simultaneously from one large body? Was the 
Moon captured by the Earth as a satellite? 

Before looking at possible answers to the questions it is 
of interest to note that the Earth-Moon relationship is 
rather exceptional in the solar system with regard to size. 
The Moon is about one eightieth the mass of Earth where¬ 
as Ganymede, which is one of Jupiter's satellites and is 
twice the mass of the Moon* Is less than one ten-thousandth 
that of Jupiter; and Titan, similar Lit mass to Ganymede, is 
only about one four-thousandths that of its ‘parent 11 
Saturn. The Earth-Moon system has sometimes indeed 
been described as a ‘double planet' rather than a satellite 
system. 

Returning to origins, it appears that it is dynamically 
impossible for the Moon to have been ejected from Earth 
but the theory that they may both have developed simul¬ 
taneously from one massive body is at least a possibility. 
Dr R. A, Lyttleton of Cambridge goes further and has 
suggested that the Earth. Moon and Mans may all have 
been formed from this one body. He visualizes that this 
body might have elongated to become roughly egg-shaped. 
Swellings would then appear at either end to give an 
unequal dumb-bell with the larger swelling being the 
forerunner of the Earth and the smaller the forerunner of 
Mars. Before they separated, however, a third swelling 
would appear on the ‘stalk' of the dumb-bell and this swell¬ 
ing would be the forerunner of the Moon, The three 
swellings would then separate. Mars would 'escape' to 
pursue its own orbit but the Moon would be captured by 
Earth T s gravity and would become its satellite, i he theory 
U a very attractive one and it is dynamically accept¬ 
able. 

The third theory, that the Earth captured a once in¬ 
dependent small satellite, the Moon, is also acceptable 
provided one Invokes the help of the Sun. It appears that 
direct capture alone by the Earth is not possible because 
the energy required to bring one body into close proxi- 
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mity to another would also carry it away into infinity or 
alternatively cause the approaching body to be absorbed 
by the Earth. Some additional body is required to ‘damp 
down' this energy and this role can be played by the Sun, 
It seems that, without the presence o! the Sun, the Moon 
could and would escape quite readily front the Earth. 


The lunar environment 

As a result of the numerous observations that have been 
made, the United States Air Force bus produced a series 
of charts which map the Moon in great detail at sixteen 
miles to one inch. There are great smooth areas- the 
‘seas’-as well as mountain ranges and craters. 'The 
highest moun tains are probably the Liebnitz Mountains 
which are about 26.000 feet in height and more than 
30,000 craters have been recorded Most of these are 
named after philosophers and scientists such as Archi¬ 
medes. Copernicus, and Plato. The craters have probably 
been formed by meteors bombarding the surface early in 
the Moon’s history, perhaps thousands of millions of years 
ago. Some of these craters are enormous, e,g, Copernicus 
is 56 miles and Tycho 54 miles across. Their walls are 
more than two miles in height. On Earth, such meteor 
craters would be rapidly eroded away by weathering hut 
on the Moon they may last for ever. 

The Moon’s atmosphere is nearly non-existent and is 
indeed a more perfect vacuum than can be attained in the 
laboratory on Earth. This lack of atmosphere on the Moon 
is due to the fact that its gravity is loo low to hold on to 
any gases. If it ever had any atmosphere it must have lost 
it at a very early period in its development. 

This absence of atmosphere has some interesting effects; 
shadows are razor sharp; there is no erosion because there 
is no weather. This means that the Moon's features are 
more or less as they were at the beginning of time. The 
footprints left by the first Earth people to walk on the 
Moon will remain there for all time; they will be there for 
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genu rations of spacemen, to point the way taken by the 
early explorers. 

The lack of atmosphere also means that the Moon is 
unprotected from the Sun's rays so that it heats up to 
I50 e C at the equator during the day. At night there is a 
very sharp fall indeed* again due to lack of atmosphere, 
and it goes down to - ISG*C {the temperature of liquid 
air). Although some micro-organisms could survive they, 
in common with other living things, could not multiply 
under such conditions. 
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4. The Beginnings of Life 


Where did living things come from? 

Early in his evolution Man would have begun to develop 
a curiosity about his surroundings. At first his speculations 
would have been concerned with his means of survival - 
food, shelter, fire. but in time with his increased brain 
capacity and some increased leisure he would look further 
afield and begin to wonder about the plants and animals 
around him. Had they always been? Were they put there 
by some God or gods? Having no scientific training and 
no technological tools he found the problems of their 
origins too much for his brain to cope with and so he 
turned the matter over to his priests and was content that 
it should rest there. From time to time through the ages 
the problem has been aired and discussed, and theories 
put forward At first these were purely philosophical but 
as the scientific method developed so its findings and 
hypotheses were also thrown into the pool of know* 
ledge. 

The possibility that life was created by some super¬ 
human being or God ha> given rise to great philosophical 
controversy and has been at the centre of many, if not all. 
of the religions of the world. This belief is beyond the scope 
of scientific investigation because it cannot be investigated 
by scientific methods and tools. You either believe it or 
you do not. The scientist deals only with phenomena that 
can be subjected to the scientific experimental method 
He conjectures, but then his conjectures lead him on to 
conduct experiments and to draw deductions from these 
experiments. Furthermore his experiments must be repeat- 
able by all who care to try them out. The theory that life 
and Man were created cannot be subjected to experiment 
c 
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and therefore aJ though comforting and philosophically 
pleasing to many (and possibly correct) is scientifically a 
dead end. 

Related to this belief is the concept of what has been 
termed the elan vital or spirit, the vital 'something' that 
makes living things what they are and which is capable of 
an independent existence outside the body. Julian Huxley 
has said that to attempt to explain living phenomena by a 
term like San vital is not to explain them at all but 
merely to give ignorance a name. To state that an amoeba 
Ls moved by an k Han vital* is equivalent to saying that a 
locomotive is moved by its Han locomottf r Nothing is 
explained 

The possibility that life has always been on Earth more 
or less in its present form can be discounted as we shall 
see by an examination of the fossil record of the rocks. 
The further we go back in geological time the simpler the 
organisms become, so that some 600 million years ago we 
find only a few simple algae and sponges and beyond that 
there is no record of life at all. It looks as if evolution 
from the simple to the complex is a real thing. Life has not 
always been as it is. 

Lord Kelvin and many others believed that simple 
living things came to Earth from other planets and then 
evolved to higher forms. This idea was supported by the 
Swedish scientist Svame Arrhenius who worked out a 
theory on how spores (portions of living matter of simple 
organisms) whirled by light pressure into the upper layers 
of the atmosphere of a planet should be able to leave the 
mother planet and be widely distribuied in outer space, 
ready to be swept up by some other planet. 

As we have seen, it is extremely unlikely that ihere are 
living things On any of the other planets of the solar 
system to give rise to these spores. Further we know now 
that a long time in outer space dose to sources of cosmic 
radiation and ultra-violet light would destroy such spores, 
no matter how resistant they might be to the intense heat 
and cold of interstellar space. 
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Spontaneous generation 
The possibility is that living things arose spontaneously 
from non-living matter. This is a belief that held sway 
among the mote sophisticated peoples of the world for 
thousands of years, a belief that died with the great Louis 
Pasteur in the middle of the nineteenth century and has 
only recently been revived. 

It was indeed rather an obvious belief. One could 
observe with one's own eye that life arose regularly from 
non-living matter - worms from mud, maggots from decay¬ 
ing meat, mice from refuse of various kinds. This is the 
view that came to be known as 'spontaneous generation* 
and it was widely accepted. Virgil for example said that 
bees were bred In the putrefying entrails of a young bull. 
Van Helmont (1577-1644) stated. The emanations arising 
from the bottom of the marshes bring forth frogs, leeches, 
herbs and a good many other things/ He devised a recipe 
for creating mice. Take a dirty shirt and a few grains of 
com, place them in a pot and permit them to sit for 
twenty-four hours. A lively crop of mice will be produced. 

St is said that early theologians could comfortably accept 
this view, for Genesis states not that God created plants 
and animals but that he bade the earth and waters to bring 
them forth. 

Then spontaneous generation which had held the stage 
for 2000 years began to crumble. Its edifice was shaken in 
the seventeenth century by Francesco Redi, an Italian, who 
performed what now r appears to be rather a simple experi¬ 
ment - bur all great experiments arc simple in hindsight. 
He placed a piece of net over a tray of freshly killed meat 
and found that maggots did not develop in such meat but 
only on the net outside. Maggots did not arise spon¬ 
taneously from meat said Redi; flies had to lay eggs before 
they did so. 

Experiments such as this and others like them might 
have killed the theory of spontaneous generation stone 
dead, were it not for a Dutch draper and maker of line 
microscopes - Anthony Van Leeuwenhoek (1632-1723)- 
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who with his microscopes examined water from ponds and 
found k 10 be teeming with living organisms He opened 
up a new world, never seen by man-the world of 
microbes. He founded the science of microbiology, though 
no comparable microbiologist was to appear on the scene 
for the next 150 years. 

As happens so often, the wrong type of people fastened 
on to his magnificent findings, Leeuwenhoek did not men¬ 
tion spontaneous generation but its supporters seized on his 
work - it may be true as Redi had demonstrated, they said 
that large animals such as frogs, beetles, and mice did not 
arise spontaneously from decaying matter - but what of 
Leeuwenhoek's little animals' (microbes!* did it not 
appear that they arose spontaneously? Add a little sugar 
to water, allow to stand for a period and the water will 
teem with microbes. This demonstrates, said the believers, 
that the microbes arose directly from sugar 


Louis Pasteur irilh' spontaneous generation 
Much controversy developed and it was not until i860 
when Louis Pasteur carried out his famous experiments 
that the spontaneous generation theory for microbes was 
laid to rest 

He carried out many experiments on this theme-we 
need describe only one. He boiled broth in a flask plugged 
with cotton wool and laid it aside to cool. The broth 
remained sterile for an indefinite period; it did not develop 
Leeuwenhoek’s little animals. Pasteur then removed the 
cotton wool plug and in a few days the broth was full of 
little animals He had demonstrated that the microbes did 
not develop spontaneously but came in from the air where 
they existed in enormous (invisible) numbers. 

When Pasteur had finished with these and other experi¬ 
ments* nothing remained of the belief in spontaneous 
generation. Professor Wald has $aid H + We tell this story to 
beginning students of biology as though i! represents a 
triumph of reason over mysticism. In fact it is very nearly 
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the opposite. The reasonable view was to believe in spon¬ 
taneous generation: the only alternative* to believe in a 
simple primary act of supernatural creation. For this 
reason, bi the past, many scientists chose to regard the 
belief in “spontaneous generation pp as a “philosophical 
necessity” Most modem biologists having reviewed with 
satisfaction the downfall of the spontaneous generation 
hypothesis* yet unwilling to accept the alternative belief in 
special creation, are left with nothing," 


The revival of spontaneous generation 
Only recently then has science dared to look again at 
'spontaneous generation" and to ask fc Whal did Pasteur 
demonstrate?" He showed that living organisms did not 
arise from non-living matter under present day conditions. 
He did not demonstrate that the origin of living things 
from non-living matter was impossible under all possible 
conditions, for instance under conditions that perhaps 
existed when the world was young. 

It b important too at this point lo be sure of what we 
are looking for in the way of living organisms. Not rats 
and mice and frogs coming into being spontaneously, for 
these are the present day end-products of long periods of 
evolution; not even microbes, for these, though small in 
size, are extremely complex in molecular structure and 
function. Rather we are looking for organic molecules 
too small to be seen by even the most powerful light 
microscopes, molecules that have the power of reproduc¬ 
ing themselves bound together in a membrane. 

If such molecules were coming into being now, formed 
by the chance aggregation of simpler substances, we would 
be unable to see them; further, they would have a short 
existence for they would be gobbled up by already existing 
organisms so intense is the struggle for food that goes on 
In the sea and In the soil. 
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What are ‘living things’? 

Before we go on to examine how such living molecules* 
could have come into being let us look at what living 
things are. In order to do this let us look at some of the 
discoveries that have been made about living matter. 

In the latter years of the sixteenth century Dutch 
spectacle-makers found that they could adjust two lenses 
and thus enlarge an object under observation. Such an 
instrument was called a perspiculum and William Harvey 
(1578-1657), the famous English physician who discovered 
the circulation of the blood, used it to watch the heart 
beats of the wasp. 

The important man in our story is however Robert 
Hooke 0635-1703), an Englishman bom on the Isle of 
Wight After a spell as assistant to the famous chemist 
Robert Boyle, Hooke was made curator of the Royal 
Society in 1663, One of the conditions of his appointment 
was that he had to produce 'three or four considerable 
experiments for each of the weekly meetings". For one of 
these he brought his improved perspiculum (or microscope 
as is is now known), the light source of which was a 
candle. 

Among the many things that he examined under his 
microscope were thin slices of cork. He observed that the 
Cork was not solid but was made up of numerous small 
compartments like a honeycomb. These he named cells 
and he calculated that there were more than 1*259,721.OCX) 
such cells in a cubic inch of cork! He found that other 
plant materials were also made up of cells and in 1665 
he published his Micrograph!# in which he described these 
and other findings. 

Although his book aroused some interest it was pub¬ 
lished at a time when people were more concerned with 
other matters, Fhe Great Plague was ravaging London 
and the following year the City was to be swept by the 
Great Eire. Nevertheless the indefatigable Samuel Pepys 
read and declared it ‘the most ingenious book that I have 
read in my whole life'. 
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It was later to be real bed that what Hooke observed 
were cell walls-the all important contents were missing 
because cork is a dead tissue. Nevertheless this was a 
momentous finding, for others following in his wake were 
to determine that a]l living things - seaweeds, mosses* ferns, 
flowering plants, snails, insects, birds and Man himself 
are all built up of these tiny compartments which we call 
cells, and that all living things begin as a single celt the 
ovum-which on fertilization divides again and again 
until the plant or animal or human is completed. 

Most cells are small in size, being between One 
hundredth and one tenth of a millimetre. But some 
bacterial cells are smaller than this and the largest single 
cell is probably that of the egg of an ostrich which, w hen 
the shell i$ removed, k about three inches in circum¬ 
ference. It is large because it contains so much reserve 
food material for the developing embryo. The human egg 
or ovum on the other hand is only about one tenth of a 
millimetre because the developing embyro draws its food 
materials from the mother and not from the egg 

The number of cells of which an organism is composed 
varies with the species. Some organisms such as the amoeba 
are composed of a single cel! and can be seen only under 
the microscope. Man on the other hand at maturity is 
made up of some 60 billion cells, all of them derived from 
the single celled ovum. In an organism many of the cells 
become what we term ^differentiated*, that is they become 
modified to perform different functions so that in + e.g the 
human, we have nerve cells, muscle cells, liver ceils and 
so on, differing in structure from each other in relation to 
the work that they have to do. 

The cell then is the fundamental piece of all living 
matter-the building block for all living things and if we 
are to determine how living things might in the beginning 
have come into being in this world of ours then the ques¬ 
tion is: how did this living cell first come into being? 

Before going on to examine this question we have to 
know what we are looking for. What is a living cell? 
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What are cells? 

Cells are made up of a membrane surrounding the essential 
living matter, in the past this was known as protoplasm, 
which was giving ignorance a name S We now know a great 
deal about the structure and function of the various com* 
ponents of the cell and the term protoplasm is tending to 
fall into disuse. 


Proteins 

This membrane, made up of a mixture of fats and pro¬ 
teins. is elastic and allows the cefl to expand and contract 
Proteins are very important in that not only are they the 
construction materials of the cell but they are also 
responsible for all the chemical reactions that go on in it 

A living organism has been described as nothing more 
than a highly integrated chemical factory. This may be an 
exaggeration but nevertheless the chemical reactions that 
go on in its cells are highly important, they are under the 
control of substances which we term enzymes, which are 
also made up of proteins. These enzymes do not bring 
about new chemical reactions but they speed up reactions 
that, without them, would take a very long time. For 
example, starch left on its own would in the course of 
time, in hundreds or perhaps in thousands of years, be 
changed to the sugar glucose. In the presence of the 
appropriate epzymes it is converted to glucose in the 
matter of a few minutes. Also glucose would change to 
carbon dioxide and water, giving off energy in the course 
of years, but if the correct enzyme is added this reaction 
will take place in a few minutes. The energy released is 
then used by the organism, be it Man, monkey or butter¬ 
cup for its various activities such as growing, reproducing, 
digesting, and so on. 

Proteins are highly specific. This means that a human's 
proteins are very, very different from a monkey’s proteins 
or from a buttercup's proteins and the more distantly 
organisms are related, then the more different are their 
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proteins. A human being's proteins are more closely 
related to the proteins of another human being than they 
arc, say, to those of a monkey. But they are more closely 
related to those of a monkey than they are to those of a 
buttercup. Within the human race the more closely related 
people are then the more their proteins have in common. 

Tills phenomenon lies at the very heart of organ trans¬ 
plant The actual technique of transplanting a kidney or a 
lung or a heart is to the competent surgeon a relatively 
simple matter. The difficulty lies in inducing the patient's 
body to 'accept 1 the new organ. Because the proteins of the 
donor heart differs from the recipient's proteins then the 
recipient tends to reject it. 

This is really a defensive mechanism on the part of the 
recipient's body. It rejects any ‘foreign' proteins and this 
is the basis of our body's fight against disease organisms 
such as bacteria. Bacteria are ‘foreign’ proteins, so that 
when they enter our bodies then our bodies do their test 
to reject them If the rejection process is successful then 
all is well. If it is unsuccessful then the bacteria gain the 
upper hand and disease ensues. 

In the case of the transplanted organ we want to over¬ 
come the rejection process. This can be done by using an 
organ* such as a kidney, from an identical twin (whose 
proteins are identical with those of the recipient) or by 
using special drugs which dampen down the rejection 
process. The drawback in using the latter ts that, although 
they allow the transplant to 'take 1 , they also allow bacteria 
and other foreign organisms such as viruses to attack the 
body with impunity and to cause disease. It is not surprise 
mg then that transplant patients on these suppressive 
drugs are kept under almost steriJe conditions. 

Proteins are built up of substances known as amino 
acids. There are about 24 of these known in living things 
and the number of them* and perhaps more importantly 
the arrangement of them, in the molecule, determines 
what type of protein will be produced. Given some 24 
amino acids and, being allowed to juggle with them at 
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will. Nature can produce an almost infinite! number of 
proteins. This accounts for the variety of living things on 
Earth, 


Nucleic 11 rids and chromosomes 

Another very important group of chemicals to be found 
in the cell are known as nucleic acids. 

Each cell has a globular central body called the nucleus 
within which we can discern fine threads. These threads 
are called chromosomes and the number is standard for 
any one species. Every body cell of a roundworm has 4 
chromosomes; every body cell of a fruit fly has 8; of an 
onion 16; of a crayfish 200; of Man 46. Every reproductive 
cell has got half the number of chromosomes that are 
found in the body cells. The ovum of the human has got 
23 and the sperm of the human has got 23 so that when 
fertilization is effected the species number of 46 is restored. 

The chromosomes carry the hereditary information 
from the father and the mother. Characteristics such as 
number of fingers, colour of eyes, size of feet, sex and so 
on are all predetermined by the information passed on in 
the chromosomes. It is not surprising then that attention 
has been very much focused on these chromosomes and 
in recent years we have learned a great deal about them. 

They are composed of two main elements: proteins 
which we have already discussed, and nucleic acids. It 
appears that it is the nucleic acids that carry the hereditary 
information. Not only do we know their chemical com¬ 
position but we also know their shape, which is a very 
important factor. 

There are two important groups of nucleic acids. DNA 
and RNA, DNA is found in the chromosomes and it 
transmits its messages by a mechanism which we now know 
m detail to the other nucleic acid, RNA, The RNA then 
moves out of the nucleus and picking up amino acids it 
arranges these in an order which is determined by the 
RNA and forms a protein. Thus the proteins that are 
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formed are determined by the structure of the RNA 
which in turn is determined by the structure of The DNA 
in the chromosomes; chromosomes in turn come from 
the parents. 

When an ovum is fertilised by a sperm the resulting 
cell divides to form two cells. The chromosomes divide at 
the same time so that the number of chromosomes is kept 
constant. This is repeated over and over again, always 
preceded by a doubling of the chromosomes so that their 
number Ls kept constant in any one cell and equal in 
number to the number in ibe original fertilized ovum. 

In lime some of the cells begin to differentiate by a 
process which is not as yet fully understood In the case 
of humans some of the cells become liver cells, some 
heart ceils, some cartilage cells and so on, thus forming 
the appropriate organs in accordance with the ‘instruc¬ 
tions’ coded in the DNA in the chromosome. Similarly, 
in all living things cells begin lo differentiate forming 
roots, shoots and leaves In plants; wings, legs and bodies 
tn the case of insec ts* and so on. 

Thus two human beings always have human beings as 
offsprings: mice always have mice; wheat plants always 
have wheat plants, because the message to form the pro¬ 
teins appropriate lo these organisms is passed on in the 
DN A in the chromosomes. 

The above Ls but a simple outline of what is in effect a 
very complicated story * which is now well known due 
largely to the work of two scientists* Crkk and Watson, 
working at Cambridge and for interested readers I would 
recommend the book The Double Helix by J. D_ Watson 
which gives a fascinating* readable account of their 
discovery. 


Energy 

Lf a cell or an organism is to survive it needs energy. It 
is required to maintain the structure of the iiving 
organ ism r it b required for all the things that living 
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orizanisms do — eatings walking:, talking, reproducing and 
so on. This energy is got from food but the energy has got 
to be stored and released as required The special chemical 
within which the energy is stored is known as ATP and 
the energy b released as it is needed from the ATP. 

Thus in our search for the beginnings of life we have 
got lo look for proteins (the building blocks and the 
enzymes of living things), nucleic acids (which carry the 
hereditary messages) and ATP (the energy-storing and 
energy-releasing chemical) all bound up together with 
water* various mineral salts, and a few other organic 
chemicals, within an envelope or membrane. We have got 
to look for a living cdL 


The primitive world 

As we have noted in Chapter 3 the primitive atmosphere 
of the world was not as we know it today. It was probably 
made up of ammonia, methane, water vapour, carbon 
dioxide and nitrogen. Oxygen was absent because of the 
great avidity for oxygen of many of the metals in the 
crust of the earth, converting them readily into the 
corresponding oxides. It has been estimated that even 
today should oxygen cease to be given off by green plants, 
all the available free oxygen would be taken up in less 
than 1000 years by igneous rocks and other incompletely 
oxidized substances. 

Regarding the age of the Earth, we have noted, by 
measuring the degradation of uranium to lead, that it is 
probably about 5000 million years old. Early in its 
existence it was probably a hot Earth, due to radioactivity 
in the rocks, and water boiling off its surface formed 
masses of black clouds possibly hundreds of miles thick 
above its surface- Then as the cooling process took place 
the rains came, torrential reins that probably continued 
uninterrupted for centuries, forming the oceans and the 
river basins. Sails and minerals from rocks accumulated 
In these oceans. Great lightning Dashes rent the skies and 
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the atmosphere was penetrated by ultra-violet rays, x-rays 
and other radiations from the Sun. from space and from 
the rocks. This early world was indeed a witch's cauldron 
and out of the brew were to emerge the first living 
things. 


The theories of Oparin trad Haldane 

In 1922 the Russian scientist Oparin delivered before 
the Botanical Society in Moscow a paper which dealt with 
his conclusions on the origin of living things. He was well 
aware of Darwin's ideas on evolution and he. in effect, 
carried Darwin’s theory further down the evolutionary 
line. He proposed that simple inorganic substances such 
as carbon dioxide, methane, ammonia, water (the primi¬ 
tive atmosphere), gave rise to more complex substances 
such as sugars, proteins, and fats and these combined 
Ln special ways to give rise to the first recognizable living 
thing. These in turn, as shown by Darwin, evolved into 
higher living things, including Man. 

Oparin viewed the evolution of these groups not as 
separate phenomena but as steps in the unfolding of one 
and the same process. Life, he said, is but one of the 

many rising levels of matter evolving, 

Oparin s ideas were first published in 1924 in a booklet 

titled The Origin of Life. . 

J. B. S, Haldane the British scientist put forward similar 
ideas in 1928. He suggested that before living things came 
into being organic compounds k mu$i tiave accumulated 
till the primitive oceans reached the consistency of hot 
dilute soup*. He based this belief on the assumption that 
the primitive atmosphere contained carbon dioxide, 
ammonia, water vapour but no oxygen, and on Oparin s 
assertion that such a mixture of gases, exposed to ultra¬ 
violet light or other radiations, would give rise to a vast 
variety of organic substances. These radiations acted upon 
the eases, split them into their constituent atoms which, 
being washed down by the rain into shallow pools, recom- 
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bitted at random to form more complex molecules. Hence 
the 'hot dilute soup*. 

Central to the life process is carbon. It is a versatile 
element in that not only can it link up with other atoms 
such as hydrogen, nitrogen, oxygen, chlorine and so on 
but equally importantly, carbon atoms can link up with 
each other to form long chains and rings which can extend 
into three dimenskmSp thus forming very complex mole¬ 
cules, Among the compounds that can be formed by these 
linking processes are various sugars, glycerine, fatty acids, 
and amino adds. 

Of these chemicals possibly the most important from 
the point of view of the construction of a living organism 
are the amino acids because as we have seen they are the 
building blocks of proteins and proteins are the very stuff 
of life. 


Vrey > Miller and Fox substantiate the theories 

Although Oparin and Haldane put forward their theories 
in the 1920s it was not until 1953 that their ideas were 
put to the experimental test. In America Professor Urey 
and his assistant Miller put a mixture of methane, 
ammonia, and hydrogen gas® with water vapour into a 
continuously circulating system and subjected the mixture 
to electrical discharges. The system was allowed to run for 
one week and then resulting fluid was analysed. It con¬ 
tained a truly amazing number and variety of organic 
materials, including amino adds. This experiment drama¬ 
tically demonstrated that a great variety of organic com¬ 
pounds could, as Oparin and Haldane had predicted, he 
formed from the simple inorganic gases ot the primitive 
atmosphere. 

The first major step had been taken. It has been said by 
Kcosian that "the metaphysical aura surrounding the prob¬ 
lem of the origin of life was thus lifted; serious discus¬ 
sion and experimentations could be and were under¬ 
taken." 
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Various energy sources such as heat, light, ultra-violet 
rays, x-rays, radiations* electric sparks aud ultrasonic 
vibrations have subsequently been used by many workers 
and always similar results have been obtained. The gases 
have given rise to a variety of organic substances includ¬ 
ing amino acids. 

We know that amino acids are the building blocks of 
proteins so the question that now arose was: could these 
amino acids link together to form proteins? Various 
workers tried heating them together in liquid solutions 
without success—no proteins were formed. Then Dr Fox 
and his colleagues in the United States in 1955 tried heat¬ 
ing the amino acids together under dry conditions and this 
did the trick. Primitive proteins w r ere formed. This sort of 
fusion, said Vox, could have taken place on the hot dry 
rocks fnol in the oceans) of the early world. The proteins 
could then be washed info the sea Thus we can get from 
simple inorganic gases to proteins without man-made tor 
divine} intervention. 


The three major constituents of cells 

The development of proteins does not in itself constitute a 
living organism; proteins cannot reproduce. For this we 
need the nucleic acids, in particular DNA. These nucleic 
acids are built up of simple compounds called nucleotides* 
just as proteins are built of amino acids. It is therefore of 
interest to note that some of these nucleotides have been 
synthesized in the laboratory using the types of chemicals 
that would be reasonably expected to be present in the 
early world and subjecting them to the types of conditions 
that prevailed then. Furthermore Gerhard Schramm of 
the Max Planck Institute in Berlin demonstrated that it 
was possible to make nucleic acids from these nucleotides 
by subjecting them to heat. So far however any nucleic 
acids that have been made have been unable to reproduce 
themselves. We may perhaps note as an aside that once 
nucleic acids which can reproduce themselves have been 
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synthesized then the first major step to the creation of life 
in the laboratory will have been taken. 

The third important constituent of a living system - the 
energy storing and releasing ATP - has also been shown to 
be synthesized by processes similar to those used in the 
making of nucleic acids. 

It thus appears likely that the three major constituents 
of living systems as they are known today* protein, 
nucleic acids and ATP together with various miscellaneous 
sugars, fats and mineral salts were formed in the primitive 
world by chance aggregation, perhaps aided by the enzyme 
action of proteins as they were formed 


Formation of a cell 

The next step is the aggregation of these chemicals into 
art interlocking system enclosed in a membrane. Could 
this have happened? It seems reasonably likely that it 
could. Mixtures containing protein-fat complexes can form 
membranous surface Skirts* similar to the membranes of 
cells r If one of these skins formed round an aggregate of 
the other chemicals then the first living ceil* the first living 
unicellular organism came into being. By dividing and 
separating, this organism would give rise to more unicel¬ 
lular organisms. By dividing and not separating, this 
organism would give rise to multicellular organisms. 

The foregoing account may be the way in which the first 
living thing arose. It is not maintained that this is how it did 
happen (only a fool could be so dogmatic): it is only 
maintained that this is how it could have happened 


The need lor energy- pfiotosyutbesLi 
in order 10 survive this early organism had to have food, 
and its early food was probably organic molecules such as 
traces of sugars, fats and so on that were formed by the 
same processes by which the organism itself was formed 
Such foodstuS would be ip very short supply and it would 
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obviously be a tremendous step forward if some of these 
organisms could manufacture foodstuffs. This they 
eventually did by developing (with the aid of enzymes) the 
green colouring matter, chlorophyll 

By the process known as photosynthesis organisms could, 
in tbe presence of sunlight, join up carbon dioxide and 
water to form sugar (as plants do today). The light energy 
of the sunlight was built as chemical energy into the sugar. 

The organisms now had their ow'd food store. However 
since there was no oxygen, they had in the first instance 
to gain the energy from the sugar by a process of fermenta¬ 
tion similar to that used by yeast today. The process was 
not very efficient since not all of the potential energy was 
released by the sugar. Carbon dioxide was released and this 
was used to build up mote sugars but various waste pro¬ 
ducts such as alcohol and lactic add were also released 
and these are poisonous to living cells. In the sea many of 
these products would be washed away but if ever organisms 
were to move on to land these substances would be toxic 
since they could not easily be disposed of. 


Hie importance t»F oxygen 

One of the by-products of photosynthesis however is 
oxygen. Using this, organisms could dispense with the fer¬ 
mentation process and could instead break down the 
sugar more efficiently by respiration (as most living things 
do today), thus gaining more energy. The only by-products 
of this process arc carbon dioxide and water. These are 
not poisonous and are easily disposed of in any environ¬ 
ment Furthermore they could be used over again in 
photosynthesis to build more foodstuffs. Thus the 
organisms could get as much energy as they required. 

The entry of oxygen into the atmosphere liberated 
organisms in another way. The sun's radiations contain 
ultra-violet components which kill off living cells. Water is 
an effective filter for these radiations so that early life 
developed in the water because planet Earth was subjected 
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to these ultra-violet radiations. If ever organisms were to 
move on to land however they would have to be protected. 
Oxygen was responsible for this protection, which is with 
us to the present day. Some of it. rising high in the atmo¬ 
sphere. was converted by the radiations to ozone and this 
ozone layer formed an effective barrier to the radiations! 
Now organisms could emerge from the water and populate 
the Earth. It is sometimes said that it is remarkable how 
well adapted organisms are to their environment. One 
might remark that they ought to be as in many cases they 
formed it 

Without photosynthesis life might have continued at best 
within a very narrow cycle. Even with photosynthesis 
organisms could lead only a marginal existence with 
fermentation, 1 he advent of oxygen made respiration pos¬ 
sible. which combined with photosynthesis made all things 
possible. Wald has said, 'it raised organisms above the 
subsistence level; it provided them with capital which they 
invested tn the great enterprise of organic evolution. 1 
A cyclic process was set In motion of an efficiency which 
was to set the great evolutionary process in train, resulting 
In the myriad of organisms that inhabit our lands and 
waters today and which ax we shall see was to culminate 
in the development of Man himself, 
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5. Evolution in Action 


The voyage of the Beagle 

In the autumn of 1831 two young men dined together m 
London. One of them was Robert Fitzroy aged 26. the 
Captain of HMS Beagle, a ship of some 235 tons.. Fltzroy 
was planning a trip round the world to map hitherto 
uncharted areas and to gather scientific information about 
these areas. He was attempting to persuade the other 
young man* Charles Darwin* to come with him as ship’s 
naturalist. Darwin was only 22, a 'gentleman idler'. 
Although he had graduated in classical studies from Cam¬ 
bridge he had already failed in medicine at the University 
of Edinburgh and his family were hoping* almost in despera¬ 
tion that he might become a country parson. He was the 
son of a wealthy physician of Shrewsbury who apparently 
did mrt see any signs of future greatness in his son. ‘You 
care for nothing but shooting* dogs* and rat-catching and 
will be a disgrace to yourself and all your family. 1 

Darwin was undecided about the proposed trip. It 
w r ould take five years and Five years was a long time to be 
away from the centre of things. Finally he was persuaded* 
though he obviously had misgivings. He wrote to his sister 
thus. 'Fitzroy says that the stormy sea is exaggerated; that 
if I do not choose to remain with them, I can at any lime 
get home to England: and that if I like. I shall be left in 
some healthy, safe and nice country 1 : that I shall always 
have assistance: that he has many books, all instruments, 
guns, at my service. There is indeed a tide in the affairs of 
men. and I have experienced it. Dearest Susan. Good¬ 
bye.’ 

And so HMS Bmgle r rigged as a barque and carrying 
six guns, set sail from Devonport harbour on 27 December 
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1S3L The voyage almost ended before it had properly 
begun. Fitooy had not been correct in telling Darwin that 
the stormy seas were exaggerated! On the contrary! 
Beagle ran into high seas which almost swamped her and 
Darwin suffered agonies of seasickness. 

In due course however the ship reached South America 
and he had the opportunity of studying the native plants 
and animals there. From South America the ship made her 
way to the Galapagos Islands, lying directly on the 
equator, some 600 miles of the west coast of South 
America. Galapagos had at one time been a refuge for 
buccaneers and the islands were little more than the 
'chimneys of burnt-out volcanoes'* Darwin was however 
astonished at ihe variety of animal life lo be seen here- 
giant armoured tortoises that trundled their way through 
the undergrowth, sea lizards, more than three feet in 
lengthp that lay sunning themselves on the beaches. "There 
is no other quarter of the world where this order (reptiles) 
replaces the herbivorous mammalia in so extraordinary a 
manner.’ 

He was especially taken with the little finches-they 
occurred in such a variety of forms, in particular different 
varieties had different shapes of beaks. Finches normally 
are seed eaters and Darwin noted that the ground finches 
on Galapagos had broad heavy beaks for cracking seeds. 
However the tree finches had short thick beaks and ate 
insects. One species of tree finch had a longer, straighter 
beak like a woodpecker's but it had no Jong tongue like a 
woodpecker and it had evolved the habit of using a cactus 
spine or a piece of wood as a substitute to probe out the 
insects from ihe cracks in the bark of tbe tree. Others had 
parrot-like beaks and fed on fruit. Another strange thing 
he noted The finches were practically the only land birds 
there. It was almost as if they had been produced in such 
variety lo take the places of other species of birds that 
could be found on the greater land masses. He also noted 
that on separate islands the same species of animal showed 
differences in structure and colour. In all living things he 
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saw this great variation and as we shall see variation was 
to be the cornerstone of his theory of evolution. 


The importance of variation and selection 
In October 1836. the Beagle having sailed round the 
world returned to England Darwin was 27 yeara of age 
and he was already feeling the beginnings of the ill-health 
that was to plague his days. He brought back with turn 
a mass of notes and daia on the various things that he had 
seen on his voyage. 

Always at the front of his mind was this grand spectacle 
of variation that he had noticed over and over again on 
his voyage and now back home he proceeded to collect 
evidence of variation in London from the breeders of new 
varieties of pigeons* fowls, dogs, cattle and horses. He him¬ 
self experimented in raising and breeding domestic 
varieties of pigeons and he found that by mating pigeons 
with different characteristics he could produce completely 
new varieties of pigeons. From his own work with pigeons 
and from the information supplied to him from breeders 
he rioted that for the production of new varieties of domes¬ 
tic animate two factors were necessary. First, the animal 
must produce variations and. secondly, the breeder must 
select from among the many varieties those that he wishes 
to breed true. 

Once mom Darwin turned his thoughts back to plants 
and animals In nature: Them was no doubt about the 
variation in any one species: he had noted these in his 
travels. There was however no breeder In Nature: where 
and what w r as the selector? 

At this time he happened upon an essay written in 
1798 by the Reverend T. R. Mai thus, an English minister 
and sociologist, who proposed that human beings repro¬ 
duce themselves many times more rapidly than they can 
increase their necessary food supply. As a result there is a 
struggle for existence among members of the human race*. 
In bis autobiography Darwin states, "In October 1838* that 
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is* fifteen months After 1 had begun; my systematic enquiry 
I happened to read* for amusement* MaJthus on ^Popula¬ 
tion^ and being well prepared to appreciate the struggle 
for existence which everywhere goes on from long-con¬ 
tinued observation of the habits of anrmals and plants, it 
at once struct me that under these circu m stances favour¬ 
able variations would tend to be preserved and unfavour- 
able ones to be destroyed. The result of this would be the 
formation of new species. Here, then* I had at last got a 
theory by which to worfc^ but I was so anxious to avoid 
prejudice that I determined not for some time to write 
even the briefest sketch of it 1 Darwin had realized that the 
selector was Nature herself. His deduction was that species, 
contrary to almost universal belief, are not fixed and un- 
changing but actually do change over long periods of time. 
These thoughts were running through Ms head in London 
in 1838. He was then 28 years of age. 


A period of thinking 

In January 183^ Darwin married his cousin Emma Wedge- 
wood, a grand-daughter of the founder of the well-known 
pottery firm of that name, and In September 1842 they 
moved their household out of London to a little village, 
Downe. in West KenL Having inherited monev, Darwin 
was able to devote himself to the question that was never 
far from his mind - evolution. His voyage round the 
world seems to have satisfied any desire that he had had 
for travel- From Downe he never went further than the 
neighbouring watering places for the sake of his health. 

Jn June 1842, before leaving London, he had filled 35 
pages of manuscript with an outline of his Origin of 
Species, By 1844 he had drawn much of his evidence to¬ 
gether and had filled 230 pages of manuscript. But stifl 
he had not published anything. He continued writing from 
time to time but the next seven years were taken up mainly 
with his research on barnacles. 

The years passed and he preferred to talk about his 
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work with his chosen circle of friends. One of them 
LyelL the great geologist, who hat! much influenced 
Darwin's thinking* warned him in 1856. 'You wiJJ be 
anticipated, you had better publish. 1 Of Darwin, his 
gardener said. ‘Poor man, he just stands and stares at a 
yellow flower for minutes at a time. He would be better off 
with something to do. 1 And thus the gardener joins with 
Darwin^ father tn being responsible for two of the most 
mistaken judgements in all history. 

Many theories have been put forward as to why he did 
not publish during this long period, Some have felt that it 
was out of deference to Captain Fitzroy who was a very 
religious man and who might have been deeply hurt by the 
outcome of his naturalist’s findings. Others put forward the 
idea that Darwin, anticipating that a storm would break 
about his head when the implications of his theory were 
realized, preferred to delay as long as possible. He indeed 
left instructions to his wife that she was to publish his 
work if he died 


A letter from A. U. Wallace 

And then like a bolt from the blue LyelFs prediction came 
true. Alfred RusseQ Wallace some fourteen years younger 
than Darwin, a naturalist and collector. had visited South 
America and while collecting in the Amazon had been 
struck by the great variability of individuals within a 
species. On arrival in Borneo he had read Malthas' Essay 
on Population as Darwin had done eighteen years before; 
It is said that whilst suffering from a bout of malaria his 
fevered brain had hit upon natural selection of variable 
organisms as the driving force of evolution. He penned a 
Setter to Charles Darwin in the summer of 1858 and his 
sketch was almost a replica of Darwin's own outline 
written in 1842. 

Darwin on receiving this letter must have fdt that the 
bottom had fallen out of his world. By now he was 50 years 
of age and 22 years of wwk had been for nought, and his 
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first impulse was to withdraw totally in favour of Wallace. 
T would far rather burn my whole book than that be or 
any other man should think that 1 had behaved in a paltry 
spirit.' He was dissuaded from doing so by his great friends 
Lyell and Sir Joseph Hooker, the botanist. They asked him 
to let them have an outline of his theory and this together 
with Wallace's outline they sent to the Linncan Society 
of London. 

The two papers were read at a meeting before the Feb 
lows on 1 July 1858. It would appear that although the 
communications raised some interest they did not cause 
a stir, Darwin went on to finish his book and the Origin of 
Species was published on 24 November 1859, His pub¬ 
lishers, like the Fellows of the Linnean before them, did 
not appear to realize the tremendous implications of this 
book. Only 1250 copies were printed of this first edition. 
It was sold out in a single davf More editions followed in 

im mu 13*6, 1869 and 1871 

People came to realize that they had in their hands the 
most revolutionary book since the Bible and that the world 
of Nature would never look quite the same again, Thomas 
Hurley, the famous biologist, who was to be one of 
Darwin's great champions in the. at times, stormy days 
ahead said after reading it p k How extremely stupid not to 
have thought of that/ But aren't all disco verbs simple 
after some genius has discovered them? 


The central themes In Darwin's theory 

It is worth emphasizing the central themes in Darwin's 
theory. They are that organisms, plant and animal, increase 
in number at a geometric rate from generation to genera¬ 
tion. Geometric ratio can be illustrated by the amoeba. If I 
amoeba divides to form 2. then those 2 will divide to form 
4: 4 wifi divide to form 8, then 16, 32. 64, 128 and so on, A 
geometric ratio is produced by multiplying, not by adding. 

Darwin reasoned that each generation of any organism 
has more offspring than parents. Despite this however there 
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h no apparent marked increase in the numbers of indi¬ 
viduals in any given species. He couldn't see any gigantic 
rise in population numbers, The number remains fairly 
constant There must therefore be a struggle for survival* 
there must be something controlling population numbers 
And this ‘something* he realized is competition for food p 
for water, for light and so on. Many organisms in any one 
species do not survive this competition. Only the ‘fittest'* 
i.e. those most suited to the environment, survive. Among 
individuals in any one species variations are found and 
many of the variations are inherited. Some are favourable 
to an organism in a particular environment and help it to 
survive so that it may reproduce. Surviving organisms pass 
on these variations to their offspring until with the accu* 
mutation of a great many variations* such individuals are 
so different from the original* that they can be considered 
a new species. 


The history of evnlutiu n - Lamarckism 
Darwin's book was the first demonstration that the law of 
evolution holds good for every living thing. He was not 
however the first to proclaim that evolution takes place. 
The Greek philosopher Anaximander of the fifth century 
BC believed that men were first formed as fishes and then 
cast off their fish skins and took up life on dry land, 
Xenophanes* also of the fifth century EC P is credited with 
being the first person to recognize that fossils represent the 
remains of animal* that once lived. The fourth century BG 
saw the 'father of the evolution ideal Empedocles, who 
taught that plants and animals and Man rose out of the 
earth as unattached organs and parts which joined together 
in haphazard fashion. Most of them were freaks and 
monsters incapable of living* but occasionally a combina¬ 
tion appeared which survived and populated the earth. Is 
this the first glimmerings of variation, natural selection and 
survival of the fittest? The fourth century BC saw the rise 
of Aristotle who carried out investigations in various fields 
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of biology. He maintained that there is a complete grada¬ 
tion in nature. The lowest stage is the inorganic, Organic 
beings arose from inorganic by direct metamorphosis. 
Within the animal group he constructed a series from the 
lowest form leading right up to Mm His *tree + had no 
branches - it was a straight line to Man, 

In more modern times Darwin's grandfather* Erasmus 
Darwin, in 1794 published a tong paper, Zoonomm . in 
which he stated his belief that evolution occurred in plants 
and animals but he could not propose any mechanisms for 
it. A French biologist Jean-Baptiste Lamarck could and 
did in his book Zoological Philosophy published in IS09i 
the year Darwin was bom. He proposed that species change 
as a result of a need for change. The need was brought 
about by the animals* ‘inner feelings*. He proposed the law 
of use and disuse - the more a part of the body is used the 
more it develops; the less it is used the more it weakens 
and tends to disappear. He also put forward the Taw of 
inheritance of acquired characteristics" assuming that an 
animal could pass on to its offspring characteristics that it 
had acquired during its lifetime. For example he reasoned 
that the ancestors of snakes had legs like lizards but they 
used these legs less and less because of crawling and over 
a long period the legs disappeared. Some birds developed 
webbed feet because they swam so much; giraffes got Long 
necks because they stretched so much for food and these 
characteristics were passed on. It all seemed very reason¬ 
able but repeated experiments have failed to show that 
acquired characteristics are passed on from generation to 
generation. For example, the tails were cut off twenty 
generations of mice. The twenty-first generation still had 
tails. No matter how deeply tanned with the sun people 
may get, their children will still be born white. 

It is important to differentiate between Lamarck’s theory 
and Darwin's. Lamarck said that snakes lost their legs be¬ 
cause they stopped using them. Darwin would say that 
some reptiles lost their legs ihrough a chance mutation 
which produced variants that had no legs and that adopt- 



Evolution in Action 


91 


mg a new mode of life found this loss to be advantageous. 
The new species that thus evolved, snakes, therefore 
survived 

Where however Darwin differed substantially from all 
the other proponents of evolutionary theories was that 
he backed up his theory with masses of facts. He let the 
facts speak for themselves, Wallace writing in 3 $87. five 
years after Darwin's death, said, ‘1 had the idea of working 
it out so far as I was able when I returned home, not at 
all expecting that Darwin had anticipated me. I can truly 
say now, as 1 said many years ago, that I am glad it was so 
for I have not the love of work, experiment and detail that 
was so pre-eminent hi Darwin and without which anything 
I could have written wouid never have convinced die 
world/ Most important of all Darwin put forward a theory 
to explain how evolution occurs This he called ‘natural 
selection/ 


Tbe birth of genetics 

In the years that have followed as we shall see as more and 
more facts have been uncovered these have strengthened 
Darwinism (as Wallace called it). And yet in Darwin's 
time there were two questions that he could not answer 
One was, ‘What is the source of these variations that 
occur?^ and the other, 'Can you show us any examples of 
natural selection actually in action? 1. 

The answers to these questions had to wait for later 
generations and the scene moves rather improbably to 
Czechoslovakia, to a monastery garden looked alter by a 
monk, Gregor Mendel. Mendel was a monk in the 
August in bn monastery at Briinn, Austria (now Brno, 
Czechoslovakia), He came as a poor boy to the monastery 
in 1843 and was ordained a priest in 1847 in 3851 he was 
sent by his order to study natural science at the University 
in Vienna. He did not do particularly well and returned eu 
I he monastery as a science teacher m 1854, In his spare 
time he began in 1857 to do breeding work with peas in 
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which he crossed varieties with contrasting characters. For 
example he crossed tall pea plants with short pea plants 
and noted that all of the offspring were tall; he then crossed 
these tail oilspring with each other and noted that some 
of the offspring were tall and some were short. FurthemtOTe 
he counted the numbers of each. With these and similar 
experiments using other contrasting characters he devel¬ 
oped laws of breeding by means of which he was able to 
predict not only the characteristics of offspring but also 
the proportions in which they would occur. In so doing he 
laid the foundations of modern genetics. 

His findings also led him to put forward the theory that 
every characteristic in the pea plant was determined by a 
pair of "factors" or, as we now call them, genes' so that 
each pea plant has a great many characteristics because 
it has a great many sets of genes. Two genes determined 
flower colour; two genes determined the site of seed, and 
so on. One of each pair of genes, said Mendel is got from 
one parent and one from the other. 

For more than 35 years Mendel’s findings were neglected 
and then in 1900 they were discovered independently by 
scientists in Germany, the Netherlands and Austria. His 
work had to wait until the scientific world was ready to 
receive it. Since that time genetics - the study of heredity - 
has been one of the most active branches of biological 
science. Menders Laws were found to hold true (under 
certain circumstances) not only for peas but for all living 
things including Man. We now have a deep knowledge of 
the genetics of a great many organisms. The full potential 
of the knowledge gained has yet to be applied but already 
the laws of genetics are used extensively in plant and 
animal breeding. 

It was however a young graduate student at Columbia 
University in the USA who suggested in 1902 that 
Mendel's ‘factors' or ‘genes" were actually located in the 
nucleus of the reproductive cells; that the genes were 
Linked together to form the thin threads that could be seen 
under the microscope, the threads which we call chromo- 



Evolution in Action 93 

somes. The chromosomes indeed were composed of genes 
as a pearl necklace k composed of pearls. 

Numerous experiments since then have shown that the 
hereditary characteristics of all living things, not only peas 
but all plants, not only flics but all insects* not only animals 
but also Man. are carried and transmitted from generation 
to generation by means of the chromosomes. The number 
is constant for any one species: thus every body cell of 
every human being has got 46 chromosomes, except for 
die reproductive cells which have got only half the number. 
When two reproductive cells join to produce a new being 
the number 46 is thus reconstituted. It has now been firmly 
established that the hereditary characteristics of all living 
organisms are determined by genes and these genes are 
carried on the chromosomes. 


Mirtaftom 

And what has all of this to do with Darwin and evolution? 

We now know that these genes and chromosomes some¬ 
times change their structure and as a result of this the 
characteristics of the organism may alter These changes 
can bo produced by means of x-rays and other types of 
radiations, by chemicals, by heat and by other factors. 
Thus a red-eyed fly subjected to x-rays may have a num¬ 
ber of offspring with white eyes and these white-eyed off* 
spring will breed true. Le. they will produce white-eyed off¬ 
spring. These changes are known as "mutations'. Sometimes 
the changes come about without any obvious factor being 
at work These we term "spontaneous mutations'. Those 
brought about by some agency employed by Man we term 
induced mutations'. The offspring of both are known as 
"mutants' and mutants are the very stuff of evolution. 

Most mutations are harmful because most organisms are 
in tune with the environment in which they live but should 
the environment change or should new environments be 
available then the mutations may be advantageous and 
thus incorporated in the race. For example if a mutation 
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In certain fish produced longs instead of gilts then this 
mutation would be harmful (j.c, the fish would die) if the 
fish lived deep in the Atlantic Ocean, If however the fish 
lived close to land then the same mutation might be very 
beneficial since it would enable the fish to invade the new 
dry environment. 

A nice example of the importance of the environment is 
given by Karl von Frisch in his discussion of Darwin's 
theory in the light of modern genetics (see Further Read¬ 
ing}. Almost all insects at some tune or another ghe rise to 
mutant offspring which are wingless. Under normal condi- 
Lions these insects are at a serious disadvantage with their 
winged counterparts; they perish because they cannot sur¬ 
vive in (ho struggle for existence. The mutation is 
harmful. 

On an isolated wind-swept island however the position 
may be reversed. Such an island is Kerguelen in the Indian 
Ocean where all the native insects including many species 
of ties, butterflies and moths are all wingless and in¬ 
capable of Bight. Presumably they also arose as mu rants 
from normal winged ancestors but instead of finding wing- 
lessness a disadvantage in the struggle for survival they 
find it an advantage. Any insects with wings rise in the air 
and are all too readily carried out to sea and die. Fhus 
the winged forms perish while the wingless forms survive 
and breed and in time these wingless varieties will be 
considered new species. 

One cannot think of a better example of the survival 
of the fittest of variants being chosen for evolutionary 
advance by natural selection. So now, even if Darwin 
didn't, wo know the source of his variations - they are 
mutations in the genes-and they further strengthen and 
support his theory. We are now able to describe many 
examples of natural selection in action. One we have given 
above: another concerns the celebrated case of the pep¬ 
pered moth. 

In the latter half of the eighteenth century the industrial 
revolution got under way In England and with it came 
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what is sometimes regarded as a modem phenomenon, 
pollution of the atmosphere as the chimneys of the ‘dark 
Satanic mills* poured out their belching smoke. In some 
industrial areas the resulting fall out’ of smoke particles 
was enormous, amounting in some cases to 50 tons per 
square mile per month. As a result the trunks of trees in 
the neighbourhood were blackened and sooty in colour. 
And then an interesting thing was noted: many of the 
moths, formerly light coloured, using these sooty trunks as 
resting places were also dark, and this dark colouration 
was passed on to their offspring. Was this Lamarckism in 
action? Was he right after all? Could acquired charac¬ 
teristics really be passed on? Similar changes in the moth 
population were noted in the industrial areas of France. 
Germany. Poland. Czechoslovakia. Canada and the United 
States of America. About 90% of any one species were 
dark, only i0% remained light. The condition became 
known as 'industrial melanism' and it was noted only on 
those moths that flew at night and rested by day on the 

dark tree trunks. f , 

Investigation work was undertaken at Oxford Uni¬ 
versity with one of these species, the peppered moth. 
Equal numbers of dark and light forms (both specially 
marked so that they could later be identified) were re¬ 
leased into a polluted woodland- Collections were made 
some days later when it was found that nearly all of the 
surviving collected moths were dark coloured. Similar 
mixed numbers were released in an unpolluted wood 
where the tree trunks were light coloured. In this case 
nearly all of the moths collected later were light coloured. 
This was puzzling. Then it was noticed that birds fed on 
the moths bv picking them off the trees. The light coloured 
moths stood out clearly against the darkened tree, were 
eaten, and so the dark coloured moths survived On the 
unpolluted light coloured trees on the other hand the dark 
moths were readily visible and were easily picked off by 
the birds and the light coloured moths survived li was not 
Lamarckism at all. It was Darwinism in action. It was an 



96 


Modem Man looks at Evolution 

example of Nature in the shape of the birds acting as a 
selector on variants. It was natural selection in action. 


The evidence La support of t be theory of evolution 
There is now an overwhelming mass of evidence in sup¬ 
port of evolution. It comes from many quarters and from 
many disciplines Some of the earliest evidence came from 
the rocks arid it continues to accumulate as more and 
more fossils are found. Fossils are the remains of a once 
living organism. It is rare to find the organism wholly pre¬ 
served but there am some such insects which were trapped 
in the gum from certain trees growing along the Baltic 
coast more than 30 million years ago. The gum solidified 
quickly to form a hard glassy-like amber and the insects 
trapped inside are as well preserved as when they were 
alive. Ice can also be an excellent preservative. Frozen 
mammoths which must have died more than 20,000 years 
ago were found in Siberia in the early years of this century* 
The meat was well enough preserved to be fed to dogs. 
Such total preservation is however rare and more 
usually we find only the hard parts of animals such as 
bones and shells. Some of these may be more than 500 
million years old and they yield valuable evidence of what 
life was like long ago, In some cases a perfect mould may 
be formed due to the organism pressing on the soft mud. 
Later as the organism decays the mould may fill up with 
mineral matter and thus we get a very good cast Many 
plant remains have been well preserved in this way and we 
have also many imprints left by dinosaurs more than 120 
million years ago. 

It is only rarely that fossils are the same as creatures 
now living on Earth and after much examination, search- 
ing and debate it has been concluded that they represent 
plant and animal remains in an earlier state of evolution. 
The further that we go back in the rocks the simpler the 
fossils become. 

It should be realized that only a very few organisms ever 
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form fossils. The conditions must be favourable for pre¬ 
servation or the organism deteriorates without leaving a 
trace. Furthermore most of the fossils that have ever been 
formed undoubtedly lie Jocked away under the great 
mountain ranges, perhaps never to be revealed. It as not 
surprising that we have but an incomplete record from 
the rocks. 

Further evidence in support of evolution comes from an 
examination of the organs of various animals. We find that 
the forelimbs of human beings, of the whale and of the 
bat are all very similar although they have very different 
functions, namely lifting, swimming and flying respec¬ 
tively. This points to these organs having a common origin 
because it seems hardly likely that the same structure 
would best meet the needs of all these different functions* 
We note that both the boa constrictor and the whale have 
got hip bones which have no function in locomotion. They 
are organs left behind in the evolutionary process. 

Some of the strongest evidence comes from embryology 
- where we find that the embryos of all vertebrate animals 
(i.e. those with a backbone) such as the fish, salamander, 
tortoise, hen, rabbit, and Man are almost indistinguishable 
from each other at an early stage of development. Further¬ 
more at this early stage all of them, including humans, have 
got primitive gill clefts or slits. 

It is now recognized that in their embryologkal develop¬ 
ment all animals (and plants too) go through some of the 
early stages of their evolutionary history because they have 
all inherited their developmental mechanisms from a com¬ 
mon ancestor. The more closely related any two verte¬ 
brates are then the longer their embryonic development 
proceeds in a parallel fashion. 

It h not only in structure! mutter* that we find this 
resemblance. It is also showTi in their chemical make-up. 
Fish can get rid of waste nitrogenous materials as 
ammonia, while frogs can excrete them as urea. We find 
that the fish-like tadpole stage of the frog excretes the 
waste m ammonia until it metamorphoses into the adult 
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frog, when the excretion changes to urea. There are many 
other examples of biochemical similarities eg. all 
organisms, plant and animal, carry and transmit their 
hereditary factors through nucleic acids. The amoeba and 
M an and the sunflower have got this common mechanism 
of inheritance. 

Further evidence is got from the geographical distribu¬ 
tion of plants and animals, No frogs are found on the 
Hawaian Islands, no snakes in Ireland- Rabbits were not 
found in Australia till they were introduced there by Man. 

The only reasonable explanation for this discontinuous 
distribution would seem to be that different types evolved 
in different places and their distribution was limited or 
inhibited by geographical factors such as water or moun¬ 
tains. Geographical separation whether by mountains, 
rivers or oceans can be an important factor in the develop¬ 
ment of species. It gives the new mutants an opportunity 
to breed and develop without being ‘diluted*. Thus we may 
note that the mammals found in Australia are unique to 
that part of the world, indicating a separation of that con¬ 
tinent from the mainland at an early stage in the evolution 
of mammals. Likewise the birds and mammals of Africa 
are different from those of South America, We find tigers 
as representatives of the cat family in India and Asia; 
pumas in South America. Likewise ostriches are found in 
Africa, rheas in South America and emus in Australia. 

Finally man’s own activities, as Darwin noted, in the 
breeding of domestic piams and animals are an example of 
evolution in action. Over the last few thousand years and 
particularly in the last 200, by breeding and selection, he 
has produced thousands of varieties of food plants and 
animals, as well as domestic pets such as the dog. ranging 
from the Irish wolfhound to the chihuahua. 
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6. The Procession of Life — 
Animals without backbones 


In ttie next three chapters we shall follow the process of 
evolution from simple marine animals right through to Man 
himself. Some of the material that is presented is factual, 
there being actual living or fossil links; some is conjectural 
because we have not found the missing evidence; but it is 
hoped that enough will be written to convince even the 
most sceptical that this amazing, inspiring story of evolu¬ 
tion is a true one. 

As more and more evidence comes in from a variety of 
sources ranging from the biochemist laboratories to the 
graves of prehistoric Africa so the pieces fit together to 
reveal this awe-inspiring sight - the procession of life. 

We shall note that as we move up the evolutionary scale 
myriads of changes lake place - some small, some large, all 
importanL 

Out of the vast array of changes and developments, two 
are particularly worthy of note. These are the development 
of the heart to meet the increasing need for energy flow 
and the development of the complex nervous system, in¬ 
cluding the brain, to meet the challenges of the environ* 
ment. It is perhaps worth spending a few minutes looking 
at these 


The heart 

Essentially the heart is a pumping organ to send the blood 
speeding round the body. In Man it is a fairly complex 
organ but it had simple beginnings. In worms all the blood 
vessels pulsate regularly driving the blood along. In 
molluscs the heart is a single chamber called the ventricle. 
This heart pumps blood into vessels whose branches end 
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in open tissue spaces. There are valves connected with the 
ventricle to prevent backflow. The circulation is sluggish 
and some molluscs have developed a series of booster 
pumps in the form of small accessory hearts to help the 
blood along. 

Fish have developed a second chamber, the atrium + in 
addition to the ventricle, Blood passes from the atrium to 
the ventricle to the gills, to the body tissues and is returned 
to the atrium through a series of veins. We find that the 
amphibians such as the frog have taken another step for¬ 
ward in that the atrium is divided into two chambers 
receiving denaxygenated blood from the body into the right 
atrium and oxygenated blood from die lungs in the left 
atrium. Although the two bloods are then passed into a 
single ventricle for onward passage to the body there h not 
a great mixing of the two. 

To get a really efficient system it would be desirable to 
have the ventricle divided into two as well so that blood 
coming from the lungs could be pumped through the body 
and blood coming from the body could be pumped to the 
lungs for oxygenating. We find the beginnings of this 
division in the reptiles, particularly the crocodile, but it 
reaches complete development in the birds and the mam¬ 
mals which have ail got four-chambered hearts. 


The brain 

Man's brain - 'the great ravelled knot' - weighs about 50 
ounces (male) and 45 ounces (female) and consists of 
thousands of millions of cells: \is complexity of structure is 
almost unbelievable. Nevertheless it too had simple be¬ 
ginnings. starting as a few simple nerve cells in the sea 
anemones, Development has proceeded further in the jelly¬ 
fish and we find that at certain places some of the nerve 
cells have grouped together to form ganglia. Moving on to 
the worms we find that the more lowly developed forms 
have got two nerve cords with a pair of swellings at the 
ends to form a primitive brain. The squid and the octopus 
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have got well developed brains which fonn a ring round 
the oesophagus - compact, complex and by far the largest 
brain to be found among the animals without backbones, 

(l is however when we come to the backboned animals 
that we find the major developments taking place. The 
brain can be regarded as the forward end of the spinal 
cord which has become expanded to meet certain needs. 
The brain of the dogfish for example is made up of the 
following four parts (proceeding from front to rear). 

I. a pair of olfactory lobes 
dealing with sense u t 
smell 

2- cerebral hemispheres- 

inconspEciJOiii 

3. a pair of optic lobes, each 
connected to an eye 

4. a region calkd the 
cerebellum aiaocialcd 
with balance 

5- a posterior region, the 
medulla, which is dearly 
an ex pa ns FOP of the 
spinal curil* 



It may be noted that the cerebral hemispheres are small 
and inconspicuous. These are coordinators or inhibitors, 
which as we shall see become the largest and dominant 
part of the brain of terrestrial vertebrates. The brains of 
amphibians and reptiles show enlargement of the cerebral 
hemispheres and they are relatively much larger than the 
optic lobes. The brain of both birds and mammals is 
enormously enlarged compared with the reptiles. This is 
due mainly to the development of the cerebral hemi¬ 
spheres, 

In the higher vertebrates, the cerebral hemispheres in 
from and the cerebellum behind become greatly expanded. 
The relatively insignificant cerebral hemispheres of fish 
have given place to a large and elaborate structure made 
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up of throe components (1) the cortex or skin of grey 
matter (2) white matter below it, consisting of nerve 
fibres connecting the cortex with lower brain centres and 
the spina! cord and (3) the tissue which links up the left 
and right sides of the brain, 

En Man, when the cerebral cortex is fully grown, it 
completely covers the brain structures from which it 
developed. Millions of lines of communication connect 
one region of grey matter with another and in turn with 
distant organs such as the lungs + heart and so on. George 
Gray has said. *it is the supremely distinctive organ of the 
human species. What goes on within its network of cells 
makes the fundamental difference between man and brute. 
It abo distinguishes man from man. It marks the fateful 
difference between the meek follower and the dynamic 
leader, between the scholar and the artist, between the 
genius and the moron - [without] the grey cortex of two 
billion cells there can be no thought p no sweet sonnets of 
Shakespeare, no joy and no sorrow. It is about one tenth 
of an inch thick and has an area of 400 square inches. 
This area far exceeds the internal surface area of the 
containing skull so it is folded and contorted to increase 
the surface area. It is of great interest to note that the 
extent of the folding relates to the intelligence of the 
animal, e,g, in stupid mammals such as the opossum and 
in birds and reptiles the cortex is smooth and unfolded. 
Maps of the human brain have been and are being plotted, 
information coming from the effects of local destruction 
of brain tissue Of by stimulation by electrodes. Some very 
striking results have been achieved, e.g. in one case stimu¬ 
lation of a certain part of the brain evoked recall of some¬ 
one speaking or singing with the same speech or melody 
being mpeated exactly each time the particular spot was 
touched. The sense of recall was not like memory but 
seemed to be reality, with all the background detail of 
sight and hearing included, so it looks as if the basis of 
total recall exists. There are going to be some very excit¬ 
ing developments in ‘mind biology" in the future. 
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Single cells plants and animal# 

The earliest beings which we would have considered as 
Living probably consisted of a single cell and within it all 
the living characteristics were concentrated; eating* digest¬ 
ing, reproducing, movement were all carried on within 
this invisible blob of living matter Many of these one- 
celled plants and animals am still with as today - amoeba, 
for example. These Jiving examples should not however be 
regarded as the ancestors of more complex forms since 
they themselves are descendants of the primitive uni¬ 
cellular organisms; but they give us clues as to what their, 
and our, ancestors looked like. 

The separation into 'plant' and "animal 1 forms probably 
took place at a very early period. Some unicellular 
organisms possessing the green colouring matter, chloro¬ 
phyll, would be the starting point for the great variety of 
plants that were to clothe our Earth in the mil I ions of years 
ahead; others lacking chlorophyll would give rise, in time, 
to animals ranging from the flea to the elephant 


Reproduction without sex 

The method of reproduction of these early unicellular 
plants and animals was a simple one - ihey merely split 
down the middle, the halves separated* and thus we had 
two where formerly there was but one. Sometimes however 
the halves did not separate but remained pined together. 
Similarly at the next division there might again be no 
separation so that Instead of a one-ceUed organism we 
now had a four-cclled one. As the process continued so 
we would have multicellular organisms. This obviously 
had an evolutionary advantage because we find that most 
living things with very few exceptions - including plants, 
insects, reptiles* birds* mammals, Man - are all built np of 
many cells. 

With the multicellular organism - whether plant or 
animal - came what is termed differentiation* Le. some 
cells took on certain tasks such as reproduction while 
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Others became modified for food digestion and so on. 
Thus in time a complex living thing evolved with a sharing 
out of the various tasks within the bod} 1 , 

Wc do not as yet know what causes certain cells to dif¬ 
ferentiate - why certain cells for example should become 
liver cells while others become brain cells and so on. It is 
one of the major mysteries that is still eluding the biologist 
though plenty of scientists are involved in its investigation 


Sexual reproduction 

Sexual reproduction started at an early stage. Instead of 
reproducing by simply dividing, some plants and animals 
produced special cells - the sex cells —two of which joined 
together and the resulting "zygote", as it is known* then 
divided again and again to form a new individual. This 
sexual reproduction was a striking success and it was the 
pathway that nearly ail plant and animals were to follow. 
Those Living things which did not develop it remained low 
in the evolutionary scale. 

Why was it so successful? The answer is that the join¬ 
ing of two cells, each with their own hereditary make-up, 
kd to a completely different individual being produced. At 
one stroke sexual reproduction increased the variability 
within a species and natural selection went to work to 
secure the advancement of the species. 


The concept of evolutionary time 

One of the concepts that is difficult for us to grasp is the 
extent of evolutionary time. We talk and write glibly about 
millions of years but this has no reality Ln relation to our 
own life span or even to recorded history. Occasionally a 
comparison may help. The astronomer. Dr Archie Roy, 
tells us that if we assume that the universe began on 
1 January* the present moment being midnight on 31 
December of the same year then (accepting Letnaitre's 
theory} the Earth formed no earlier than November of 
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that year. Life began on our planet about 10 Decernbcr. 
About half an hour before midnight on 31 December Man 
made his appearance. Ten seconds before that last mid¬ 
night of the year the Sumerian civilization flourished and 
incidentally the three and a half centuries of telescopic 
astronomy are crammed into the last third of a second* 
Another aid is offered by Dr Stebbins in his book 
Process of Organic Evolution, Suppose, he says, that all of 
the events of modem history, from the birth of Christ to 
the present day. the past 2000 years, were compressed inio 
a television show lasting an hour. Suppose then that all of 
the earlier events in the evolution of life were presented in 
a scries of shows on the same lime scale, i.c. each one 
hour show representing 2000 years. Assuming that these 
show's were on view 16 hours per day. 7 days per week, 
then the evolution of Man from Proconsul would require 
ten months to present and the entire continuous fossil 
record of living things (600 million years) would require 
about 60 years. From the beginnings of life the show would 
take between 300 and 500 years. 


Fossils 

Most of our evidence concerning the past is derived from 
the study of fossils. More and more are being discovered 
and the story is being gradually pieced together. It is a long 
and painstaking business however because, as we have 
noted, very few animals and plants are ever fossilized and 
the vast majority of those that are are locked away for ever 
in the rocks. 

Although many thousands of different kinds of fossils 
have been discovered they represent only a tiny fraction 
of all the organisms that have ever lived. Furthermore 
what we find is a highly biased sample because, in order 
to be fossilized, the animals or plants have to die under 
water or on water soaked ground, so that nearly aJ} of the 
fossils that we find represent organisms that lived in such 
regions. 
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By contrast we have practically no fossil record of ani¬ 
mals or plants that lived m dry regions or on mountain! 
dopes. This k a great misfortune since it is probable that 
it was in these very areas that evolutionary change was at 
its most active, as organisms had been pushed out from 
their 'safe' areas into more host tie and less highly popu¬ 
lated regions where the selection pressures of the environ¬ 
ment would he at their greatest. Nevertheless, bearing in 
mind all these deficiencies and drawbacks, we have a quite 
remarkable story to tell from the evidence of the rocks. 


What 1$ to follow? 

In the remainder of this chapter we &haI1 be looking at tbc 
evolutionary story of animals without backbones. Starting 
with very simple little water creatures like hydra we pro¬ 
gress through the sea-anemones and jellyfish to the worms 
and thus to the group that is undoubtedly the moat suc¬ 
cessful of all the non-backbone types. This is the arthro¬ 
pods and it includes crabs, lobsters, spiders, centipedes, 
millepedes and. most important, the insects which alone 
comprise about two-thirds of all known kinds of animals. 
It is not surprising that we dwell on the insects in this 
chapter. They arc the only real competitors of Man and 
measured by their success they are the "humans of the 
invertebrate world'. 

Another major group found mainly In the sea but some 
of which have invaded the land are the molluscs- clams, 
mussels and snails, squids and the octopus. Both the squid 
and the octopus have got wdl-dtevdoped brains and eyes 
but the road towards a backbone and thus towards Man 
himself lies not via the squids but with some rather insigni¬ 
ficant filter feeders such as the sea squirts. Man descended 
from a sea squirt! The story is an intriguing one. 

! 

Sponges 

Among the simplest and most primitive of the animals are 

. 
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the sponges. Fossils have been found in the Lower Cam¬ 
brian rocks which date back some 600 million years. The 
simplest of these sponges are vase-shaped, attached at 
the lower end. with a large central cavity, an opening at 
the top and numerous small pores in the side walls. I here 
are two layers of cells, the inner lining being made up of 
cells which have whip-like projections which keep the 
current of water flowing into the ‘vase". The outer cells 
form a protective layer. 

Although the sponges bear a superficial resemblance to 
a simple digestive system of a high organism, it is generally 
agreed that evolutionary-wise they are a dead end. The 
future of the animal kingdom was not to lie with them. 
They are one of Nature’s less successful experiments 
although surprisingly, and with unusual compassion, she 
has allowed them to continue. 


Corals, sea-anemones and jellyfish 

The road upward was to be via the group comprising 
corals, the sea-anemones and the jellyfishes. One of the 
members which is well known to all students of zoology is 
the little animal, Hydra, which is only about half an inch 
in length when fully extended. It is like a slender vase with 
eight waving ‘arms’ at the upper end. The outer cells form 
a protective layer surrounding a simple gut which is 
lined with digestive cells. It has also got stinging cells by 
means of which it is able to paralyse its prey. These cells 
have coiled up threads which can be shot out rapidly in 
the presence of food, stinging and injecting a poisonous 
substance into the body of the animal being attacked. The 
interest from the evolutionary point of view however lies 
not with the stinging cells but with the structure of Hydra 's 
body. 

Many marine forms are found, some of them formed by 
budding groups or colonies of //ydra-like organisms which 
may be" termed polyps. Some of these polyps have nerve 
cells scattered through their bodies. 
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T he jellyfish is really just a large polyp turned upside 
down so that the opening is underneath and the tentacles 
hang down. Here we find the nervous system beginning to 
develop. The jellyfish has two interconnecting nerve nets, 
one controlling swimming movements, the other feeding 
and other movements. Around the margin of its body it 
has eight sense organs. Each sense organ has an eyespot 
sensitive to light, a statocyst which gives information on 
balance and two sense pits associated with food recogni¬ 
tion. Associated with each sense organ there are bunches 
of nerve cells known as ganglia. Each ganglion has nerve 
connections with its appropriaie sense organ. This system 
gives the jellyfish the power to react quickly to any situa¬ 
tion. Some members of this group live a part of their life 
as a fixed polyp and part as a free swimming jellyfish. The 
jellyfish produce sex cells which on fusion give rise to 
polyps. This 'alternation of generations 1 occurs in some 
other animal (and plant) groups. Corals sue polyps with a 
hard coat of chalk for protect ion. 

We have few fossil records of jellyfishes because they 
are so soft but some impressions have been found in the 
Pre-Cambrian rocks dating back more Lh.an 600 million 
years. They are obviously among the most primitive of the 
animals. Many fossil corals have been found in the Ordo¬ 
vician rocks (500 miHkm years ago). 


The worms 

Whereas the polyps sat and waited for the food to come to 
them in the water currents their descendants in the evolu¬ 
tionary line went out to forage for it for themselves. 
These were the worms and amongst the simplest of 
these are the flatworms. They are roughly shaped like a 
spear head and are capable of movement They have 
advanced beyond the polyps In that some cells have dif¬ 
ferentiated to form two nerve cords with a pair of swellings 
to give a primitive 'brain*, primitive eyes and reproductive 
and excretory systems are also presen l We have come 
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rather si long way from the polyp. We have no fossil evi¬ 
dence of intermediate forms but the digestive system is still 
at the polyp level - the gut may rumify a bit more but still 
the mouth and the anus are one and the same pore. 

Some of the worms such a$ the marine worm Nereis 
which is about one foot in length are much more highly 
developed being segmented and having an efficient system 
of blood vessels, a highly developed nervous system, gills 
-paddlelike structures for obtaining oxygen - and a fairly 
complex digestive system, and it has eyes. Many of 
the intermediate stages between flat worms and Nereis can 
be traced in the worm family. 


The arthropods 

Moving up the evolutionary scale we come to the crabs 
and the lobsters, the scorpions and the spiders, the centi¬ 
pedes and the millepedes and the insects all grouped to¬ 
gether into the great phylum known a$ Arthropoda* What 
they all have in common is that they arc jointed and Pro¬ 
fessor Router (see Further Reading) has said that the best 
way to get the broad picture of an arthropod is to imagine 
a progressive worm which has developed a pair of legs on 
all or nearly all the segments of its body and has then 
encased himself entirely in armour - armour with well- 
marked articulations at the joints. They are animals which 
by mutations have developed skeletons on the outside of 
their bodies 1 , these skeletons am made of chitin. a horny 
material similar to our finger nails. The arthropods have 
a well-developed nervous system with a primitive brain. 
The blood system is a simple one; the blood after 
bathing the various organs oozes back into the heart 
through a series of large blood cavities. The members of 
this group grow by moulting, the outer skeleton being cast 
off as the soft body within it expands. 

The arthropods have developed from marine wonms but 
they are not of course descended from present day marine 
worms, which are nearly all highly evolved. The fossil 
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record docs not tell us a great deal about links between the 
two, but we get clues from a little living animal called 
Peripatus which i$ about two or three inches long and 
looks like a caterpillar with its short stubby legs. It has 
features of both the worms and the arthropods. The cir¬ 
culatory system and the head is like that of the arthropods. 
The legs are not jointed however and it has no hard out¬ 
side skeleton. 

Peripatus however is a land animal and the ancestor 
that we are looking for must have lived in the sea. Some 
fossils have been found in Cambrian rocks of animals 
rather similar to Peripatus which were sea dwellers and 
which thus form a more direct link between the two groups. 

The three great groups of Arthropod# of the present 
day are the crustaceans (the shrimps, barnacles, crabs and 
lobsters which are so abundant in the seas), the arachnids 
(mites and licks), and the insects (which dominate the dry 
land and the lower air). 


The first invasion of land - horseshoe crabs and scorpions 

At some stage in the Earth's history some of the arthro¬ 
pods moved out of the sea to invade the dry land and the 
oldest known land forms are the scorpions which make 
their appearance in Silurian times (440 million years ago). 
The change from water to land confronts an animal with 
many problems. One of the most important of these is the 
danger of drying out. Fortunately from the point of view 
of our new arrivals on land the hard outside skeleton 
possessed by the crustaceans in the ocean provided suffi¬ 
cient protection. It also provided body support which 
would be required when the support of the external water 
was withdrawn. 

Another major problem b breathing-the changeover 
from extracting oxygen from water to absorbing it from 
the air + In thb however the group that we are considering 
was well placed. The modem horseshoe crab (which is not 
a true crab), the only arachnid left in the water* lives 
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wholly in the seas along the Atlantic coast and the Pacific 
coast of Asia and it breathes by means of gilts arranged 
like the leaves of a book. These gills are situated beneath 
the abdomen and will still function and take oxygen from 
air provided they are kept moist. In the scorpions which 
are land-living, mutations brought the gills from the primi¬ 
tive arachnids into the abdomen where they could be kept 
moist, connecting to the exterior by narrow openings. The 
transition from gills to a primitive type of lung was brought 
about by this rather simple step. 

Prom scorpion-like forms, other arachnids arose-the 
spiders, the mites and the ticks, but the fossil record is 
rather thin. 


The second invasion uf the land - the insects 

This however was not the only invasion of the land by 
arthropods. A second one gave rise to the insects. The 
insects differ from the arachnids in that they have three 
pairs of walking legs while arachnids have four* and the 
body is segmented into head, thorax and abdomen. Almost 
all forms, except for a few degenerates and a few very 
primitive types, have wings mounted on the thorax and 
all of them have "compound 1 eyes made of hundreds of 
little lenses. They are probably derived through marine- 
living types rather similar to present day centipedes, which 
live on land, and are segmented: and have a pair of little 
legs on each segment. We have noted that the arachnids 
got round the difficulty of breathing in air by enclosing 
their gills within the abdomen thus forming prim Eli ve 
lungs. 

In most animals the oxygen extracted in gills or lungs is 
transported by the bloodstream to the cells in the various 
parts of the body; these cells in turn give carbon dioxide 
to the blood which circulates back to the gills or lungs 
and there gives off the carbon dioxide. 

The insects developed another meLhod which is unique 
to them. Here there is no gill or lung, and there Ls no 
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dependence on the blood for transport of oxygen and 
carbon dioxide. Instead little boles or pores are present on 
the sides of the trunk from which a series of little tubes, 
termed tracheae, branch out into ail parts of the body and 
carry the air to all the cells of the body. 


The importance of the insects 

The insects have been very successful b colonizing the 
land and the lower air. They might indeed be regarded as 
Man's only real competitors. They compete with him for 
food and a number have even taken to living off Man. In 
so doing they may inadvertently inject disease organisms 
into him which again threaten his very existence. 

The number of Individual insects alive at any one time 
is thought to be about W* (one billion million). Of this 
vast multitude 99,9% are either innocuous or helpful from 
the human point of view and a few an* indispensable, e.g. 
bees in pollination. The troublemakers are the other 0J% 
- a small percentage which however amounts to about 3000 
species. Typhus fever for example, caused by a little 
organism carried by the louse, has wreaked havoc among 
armies and civilians alike. Together with plague {the bac¬ 
teria of which are earned by rat fleas) and dysentery 
(caused by bacteria transported by the house fly)* typhus 
during the Thirty Years War reduced the population of 
affected areas from 16 million to 6 million - 30 million 
killed of which only about 350,000 died in the 'legitimate’ 
slaughter of warfare. Plague alone, or the Black Death as 
it was called, accounted for more than 25 million deaths 
in Europe (out of a total population of 100 million) 
between the years 1345-1351. 

Other insects such as mosquitoes, although not actually 
living in such close personal proximity to Man as the lice 
and fleas. Have nevertheless found him good to eat 

The female mosquito while feeding on Man injects into 
his blood-stream the parasite of malaria-possibly the 
greatest killer of all lime. It has killed in its time more 
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people than there are people living in the world today i.e, 
more than 3500 million. About one-third of the human 
population suffers from malaria. 

Among those who have died of the disease in the past 
have been famous people - Alexander the Great, aged 32, 
in 323 BC; Oliver Cromwell, aged 59, in 1658; and Lord 
Byron, aged 36, in 1824. At one time in the Middle Ages 
the mortality of popes and cardinals was so high that the 
Papal seat was moved from Romo to Paris. It is said that 
the lost cities of Ceylon and of Ankar Wat in Cambodia 
and of the Maya civilisation in Central America were 
deserted owing to malaria. The fall of the Greek and 
Roman civilizations has been attributed by some historians 
to malaria. In Rome indeed the population made fever a 
goddess and sanctuaries were built to her. 

Mosquitoes may also inject the virus of yellow fever 
which left Napoleon with only 3000 men out of the 25,000 
he had sent to win a West Indian Empire and which later 
brought work on the Panama Canal to a virtual stand¬ 
still. 

Insects are also responsible for enormous crop losses 
both in the field and in store. That classical insect of the 
Bible, the locust, is still active today, a potential pest 
over nine million square miles of Southern Europe* .Africa 
and Asia, ranging from Southern Spain and Asia Minor p 
the whole of northern Africa, through Iran to Bangladesh 
and India. Within this area more than 300 million people 
are liable to suffer devastation of their eropS- 

The locust is a strange insect. For a number of years 
they may be few in number. Then there are sudden and 
unpredictable increases in a local population followed by 
mass irruptions. Swanns may comprise up to 1000 million 
individuals capable of consuming some 3000 tons of food 
in a day, destroying everything that is green, A plague may 
last up to six yeais and then just as suddenly there is a 
decline and the few survivors resort to the solitary phase. It 
is not surprising that Man has invoked the help of insecti¬ 
cides m his attempts to deal with insects. 
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Flying and noDdhiDg insects 

There are about one million species of Insects, far more 
than all other animal and plant species combined, and they 
occur in a bewildering variety. 

Some insects have reached a high degree of organization 
and have developed great “skills' as agriculturists. Their 
crop is a fungus which is a lower form of plant life that 
I acts the green colouring matter chlorophyll, A number 
of species of tropical termites make their nests in steeple- 
like mounds of hardened earth which may be as much as 
thirty feet in height. The chambers within are ventilated 
by an elaborate system of vertical conduits extending to 
the surface of the nest, The nest contains a fat queen and 
a king enclosed together in a little cell bounded by earth. 
The smaller workers, soldiers and young termites of 
various ages and both sexes are also in the nest, at certain 
seasons with winged male and female future kings and 
queens. In each nest there may be several fungus gardens 
The workers chew and swallow plant debris and pass their 
faeces on to the garden, as organic manure. On it the 
fungus grows like a grey sponge. Each fungus garden is 
enclosed in a close-fitting cavity lined with a mixture of 
saliva and sod. Only the workers feed on the fungus gardens 
and pass their resulting faeces back on to the gardens. The 
king* queen, young termites and soldiers do not eat the 
fungus but they are fed saliva by the workers. However 
when winged termites are leaving to found a new nest they 
take some of the fungus with them to start a new crop* 
Even more surprising is the fact that during the rainy 
season the workers may carry some of the fungus out into 
the open* spread it out and allow it to develop into little 
toadstools. They then collect spores from these toadstools 
and carry them hack into the nest to start a new 1 garden. 
It has been suggested that in this way the termites provide 
for the fertilization of their fungi, as Man does his cereal 
crops. 

Some ants cultivate little animals as the fanner husbands 
his cows. These have been called pastoral ants. It has been 
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known for more than 200 years that some species of ants 
visit greenfly (aphids) to take boneydew from them. What 
is not so well known is (hat not only do they *milk' the 
aphids by stroking them with their antennae but they 
actually shepherd the aphids to the more tender parts of 
the plant so that the improved pasture results in a better 
supply o! honeydew from the aphid. If danger threatens 
the aphids, the ants will pick them up and carry them off 
to safety. Some even take the aphids underground with 
them every night and bring them out to graze again in the 
morning. Others collect aphid eggs in the autumn, take 
them to their underground nests for overwintering and 
bring up the newly hatched aphids in the spring. 

Communication among certain groups of insects has also 
been developed to a very high degree. It is now known for 
example that bees communicate witb each other through 
sound, scent, touch and movement. Much of the informa¬ 
tion in this field stems from the work of the Austrian zoo¬ 
logist Kari von Frisch who showed that bees visiting a 
nectar source went back to the hive and by dancing gave 
very precise instructions to the inmates as to how to get 
to the nectar, even indicating the direction in relation to the 
position of the sun and the distance by the number of 
times that the dance was repeated. Readers wishing to 
know more about this intriguing story should read ‘The 
Language of the Bees' and ’The Evolution of Bee Langu¬ 
age’ (see Further Reading), 

Typically insects have two pairs of wings mounted on 
the thorax and they have specially developed muscles to 
beat (hem. Some of the larger insects can manage only a 
few dozen beats per second but the house fly reaches 200 
per second and some very small flies may manage as many 
as 10001 However not all insects fly. Some of the very 
primitive types, such as the springtails, have got a little 
forked tail under the abdomen which can be suddenly ex¬ 
tended to propel the little insect forward. The silverfish - 
those lovers of books - also have no wings. 

The vast majority of insects have got wings - the dragon- 
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flies which may have a wingspan of seven and a half 
indies (though this ts small compared to the two feet wing¬ 
span of some of their relatives that thrived 350 million 
years ago in Carboniferous times), the butterflies with their 
beautiful and varied colours which are due not to pig¬ 
ments but to the positioning of tiny wax scales on the 
wings - their beauty indeed will never fade - the bees, the 
flies, the beetles and many mom 
With some insects* such as the grasshoppers, termites 
and cockroaches flying is the exception rather than the 
rule. Others such as the fleas and the lice have lost the 
power of flight altogether and have reverted to wingless 
types but they seem nevertheless to he able to compete 
fairly successfully with any other forms of life. 


life history of Insects 

In some group of insects the young hatching from the eggs 
are miniature editions - 'nymphs' - of the adult and they 
grow to maturity by a series of moults Others however, 
such as butterflies, go through an intermediate stage - the 
larva or caterpillar stage (which is very reminiscent of 
Peripatus) before becoming encased in a hard shell-the 
pupa-from which the adult insect eventually emerges. 

The rocks do not teD us much about the origin of the 
insects. Many of the ancient insects were large and fossils 
of them have been found in the coal shales of the Carboni¬ 
ferous period and many insects embedded in amber have 
been found in the Cretaceous and Tertiary periods (135 
million and 70 million years ago respectively). Sprmglafls 
have been found in Devonian rocks (400 million years 
ago). The butterflies and moths are not known before the 
Tertiary period at about the same time as the flowering 
plants were coming to the fore. Early members of the flies 
and the mosquitoes are present in the Jurassic period (ISO 
million years) but they became far more numerous in the 
Tertiary, Bees can be traced back to the Triass ie (225 
million years) and beetles to the Permian (270 million 
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years). How and when wings arose is a mystery - we do not 
appear to have found any intermediate forms. Even the 
origin of the insects themselves is a bit of a mystery. 
Apparently they did not arise from the crustaceans or the 
arachnids. Possibly they stemmed from the centipedes but 
on this the fossil record has little to say. 


The molluscs 

One major group of animals found mainly in the sea. with 
a few which ventured on to dry land and even into fresh 
water, is the Mollusca, They too probably evolved from 
primitive worms but instead of taking the path trodden by 
the lobsters they settled down to a sedentary existence, 
evolved a covering called the mantle over their bodies and 
on top of the mantle a hard chalky shell developed for 
protection. It has proved to be a very effective protection 
for the molluscs have survived well. Some of them like the 
garden slugs and sea-slugs have even dispensed with an 
external shell though many retain a small internal one. 

Among the best known molluscs are the snails which 
carry their shells around with them. They retreat into these 
shells only when danger threatens. Gills are found in the 
marine forms while the land and pond forms have devel¬ 
oped sacs that act like lungs. Snail-like fossils go as far 
back as the Pre-Carboniferous period. 

Gams and mussels are also molluscs but in these the 
shell is hinged so that it can be closed as and when 
required. They feed by taking water in through one tube 
and putting it out through another, meanwhile straining it 
through the gills and retaining any food particles which are 
transferred to the mouth. We find examples of these ani¬ 
mals in Ordovician rocks (500 million years). 

The most advanced of the molluscs, such as the squid 
and the octopus, have well-developed brains which help 
them in their search for prey. They have given up the 
sedentary habit. They evolved jet propulsion long before 
Man thought of it In the head there is a funnel-shaped 
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aperture which opens into a cavity, which in turn has a 
narrow tip opening on the body. When movement is needed 
the whole apparatus is contracted by muscular action, 
squirting out a. stream of water thus propelling the animal 
with a sharp jerk either backwards or forwards depending 
upon the direction in which the tip is turned They also 
developed tentacles - eight for the octopus, ten for the 
squid-with adhesive discs which enable them to hold on 
to their prey- The eyes are also well-developed and in 
structure they are very similar to human eyes, though it is 
certain that humans are not descended from the squids. 
All of this adds up to very efficient, formidable animals. 

Most squids are small but the giant sea squid is up to 
50 feet long including the tentacles. It is not surprising 
that they have dispensed with their protective shell 
Although the shell in the squid begins to develop in the 
young it never comes to anything and in the adult it is 
Only a homy plate buried deep in the animals leathery 
covering, The squids are elongate in shape whereas the 
octopuses are rather globular and have no trace of a shell. 
The relatives of both are found as fossils in the Jurassic 
period 


Ecfamodemu 

This group includes brittle stars* starfish, sea urchins and 
sea lilies. One of their distinguishing features is the devel 
opment of a protective shell which is unlike that of all 
others we have examined in that it is kid down within 
the substance of the animals tissues, thus coming closer to 
the backboned animals which we will be discussing in the 
next chapter. 

The sea-Idies have each got a stalk with five branched 
arms leading down to the mouth. The arms have got pro¬ 
tective plates on the outside but on the inside of each one 
there is a groove. Along these grooves on each side there 
are tittle soft projections which serve as gills but which 
also carry food down to the mouth. 
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The starfish is like a sea lily turned upside down with 
the stalk removed and it walks on iho.se soft projections 
which are controlled by a hydraulic pressure system caus¬ 
ing them to expand and contract. The starfish cannot feed 
by filtering and again the tiny feet come to the rescue. It 
climbs on to a mussel, attaches its tube feet to the shell, 
pulls niltiI its victim's muscles tire and the shell opens wide 
enough to allow the starfish to insert its own stomach 
through the opening and so digest the mussel's flesh. 


The sea squirts (Tunicates) 

However when we look for the line that was to lead to the 
backboned animals, and thus to Man, we happen upon 
little animals consisting of little more than cellulose-con¬ 
taining covering or tunic inside which there is a filtering 
chamber with a small stomach, intestine and reproductive 
organs Them are approximately 2000 known species and 
some of them are attached permanently to the sea-bed. 
We must note them well; improbable as it may seem they 
are our ancestors. 
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7. The Procession of Life — 
Animals with backbones 


The vertebrates 

In the sea, myriads of fish of ail sizes, shapes and colours: 
on the land, the wann-blooded mammals to be found from 
the poles to Ehe equator; in the air, Ehe birds; the reptiles 
that slither through the grass, scurry across the warm stones 
or wallow in the swamps; and the amphibia that pass part 
of their lives in Lhe water and part on the land. These are 
the vertebrates. 

What do they have in common? An internal skeleton of 
bone or cartilage and particularly backbone, the vertebral 
column, consisting of a joined series of bones running the 
length of the body* within which is a long hollow nerve— 
the spinal cord—filled with fluid. Furthermore most have 
the spinal cord developed to a greater or lesser degree as a 
brain; but the backbone and the spinal cord are baste 
to all. 

We shall note in this chapter that by assessing the evi¬ 
dence from fossils and from certain living forms, and 
adding some deductive reasoning, we are able to trace lhe 
ancestry of the warm-blooded manimals, including Man. 
from the sea squirts that we met in the last chapter. 

Between these two extremes we shall meet fish that 
developed lungs and had some of their fins altered to form 
limbs so that they gave rise to the amphibians. We shall 
note that some amphibians had their eggs covered with a 
hard coating, became independent of the water for repro¬ 
duction, and gave rise to the reptiles; that the scales of 
some reptiles mutated to feathers and such reptiles be¬ 
coming warm blooded, gave rise to the birds. Other rep- 
tiles, also becoming warm blooded, stayed on land and 
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developed their fertile eggs inside their bodies and gave 
rise to the mammals. 

It seems an improbable story, but it happened. 


The tadpole nt the sea squirts 

For the origin of these backboned animals, fish, frogs, 
reptiles, birds, mammals (including Man) we have to go 
back to the little sea squirts which we left in the last 
chapter firmly attached to the sea bed, filtering their food 
out of the water. All the backboned animals sprang from 
these improbable ancestors. 

Silting on the sea floor filtering water is a fairly efficient 
way of getting food with little expenditure of energy, but 
when it came to extending its territory (as it would have to 
do for its numerous offspring) then the fixed sea squirt was 
at a serious disadvantage. When however some of them 
by a series of chance mutations developed a motile stage 
then the difficulty was overcome. This motile stage, or tad¬ 
pole, was able to swim away, find new territory, settle 
down and develop into a fixed sea squirt We know that 
this happened because it is still happening today. Some sea 
squirts still produce this motile stage. 

Here however is the strange rwist Some of these tad¬ 
poles instead of turning into sea squirts continued an 
independent existence as tadpoles and developed sexual 
organs prematurely. They were Indeed the forerunners of 
tiie fish. 

The first little primitive ‘fish 1 had come into existence 
almost as a by-product of the sea squirt! It was as if frog 
tadpoles, instead of turning into frogs, had developed 
sexual organs and continued their existence as tad¬ 
poles. 

A rather inauspicious start for the great vertebrates - a 
little tadpole with gill slits for breathing in water, a nerve 
cord running along the back of the body and a notochord, 
a long tubular structure, the forerunner of the backbone. 
We note that these notochords can be seen In the embryos 
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of all the higher vertebrates, indicating the ancestry of 
the spinal columa 


Am phi li sus - a step towards the fish 

There are living today one or two little sea creatures 
which are not far removed from our ancestral tadpole. 
One that is well known to most zoology students is 
Amphioxus—it looks like a tiny translucent minnow but 
it has no backbone and it has no brain-only a nerve 
cord running through its back. It also has a well-developed 
notochord and about 50 pairs of gill slits on its body. 
Although it can swim, it spends most of its life bUTtowed 
tail down in the sand and filters the water through its gills, 
revealing its filter-feeding ancestry. The group to which 
Amphioxus belongs is another step towards the true fish. 


The lamprey - another step forward 

The next step forward has been taken by the lampreys- 
these are fish which may be two feet in length. Like 
Amphioxus, they lack jaws and the round mouth with 
teeth forms an adhesive sucker by means of which the 
lamprey can attach itself to other fish and prey upon 
them, but it has developed a three-chambered heart and 
lias a fairly large brain, both characteristics of the fish in 
general. 


The j JwJess fish - and land plants 

In the fossil record we find many of these jawless fish 
which fed hy sucking debris from ibt* bottom of the 
streams they lived in. They had no fins, swimming by a 
series of undulating movements. The whole body was 
encased in an armour of bony plates. These jawless fish 
were abundant in the water between 500 to 425 million 
years ago. at a lime it may be noted when the first plants 
were moving from the water on to the land These early 
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land plants were probably Battened so that they could 
remain close to any moisture that was present They were 
probably not unlike seaweeds which by this time were 
abundant in the oceans. At first they absorbed water all 
over their bodies but in time parts of their bodies became 
specialized for this absorption and for support. We have 
fossils of some of these land forms going back about 340 
million, years. We may note that the scorpions were moving 
on to the land at about the same time as the early plants 
but it is obvious that there could be no massive invasion 
of the land by animals before the plants were well estab* 
lished because of the dependence of many of them on 
plants for food. Even the carnivorous types depended 
ultimately on plant-eating species. 


Fish with jaws 

If we now move another 35 million years to the Devonian 
period we find fish with well-developed jaws and with 
paired fins, Rus period is sometimes caJled the *Agc of 
Fishes’. The jaws made them much more efficient at catch¬ 
ing their prey and the fins gave them much greater control 
of movement in the water. They were still armour plated. 


Cartilaginous and bony fish 

However changes were taking place. Mutations that re¬ 
placed the armour plating by fine scales gave them in- 
creased mobility. Fish were becoming dependent on speed 
rather than armour for survival. 

Tn the early fish the skeleton was made up of cartilage - 
a soft pliable rather rubbery material and w r e still have 
some representatives of such fish living today, e.g. sharks 
and dogfish, in the majority of fish however the cartilage 
was replaced by bone- This line gave rise to the wide 
variety of bony fishes that inhabit the waters of the world 
today. Water is 800 times denser than air and the oxygen 
m it b 30 times more dilute than in air. so that fish have to 
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expend considerable energy in order to breath. It is not 
perhaps surprising then that many fish augment thek sup¬ 
ply of oxygen by taking gulps of air. The Indian perch has 
special air chambers which allow it to come out of the 
water for considerable spells. It comes to the surface to 
gulp air and will drown if prevented from doing so. The 
household goldfish will do this too if the aquarium water 
becomes short of oxygen. 


Lung-fish 

One group of fish in the face of drought took a path that 
was to have very far-reaching results. By mutations this 
group developed a pair of pouched outgrowths from the 
pharynx which were primitive lungs. They ware inflated 
by air taken in from the mouth so that the fish could sur¬ 
vive in dry conditions. Surprisingly the lung-fish line has 
persisted to the present day in a few localities in Africa* 
Australia and South America where their lungs still enable 
them to survive periodic droughts. 

One other major development shown by the group b 
the separation of the heart into two chambers - one to take 
the oxygenated blood from the lungs and pump it out 
through the arteries and the other to take in the de- 
oxygenated blood from the veins and pump it to the lungs 
for replenishing. 

Fossil remains tell us that the ancient lung-fishes bur¬ 
rowed in the mud for a period of dormancy during periods 
of drought, using their fins, some of which were lobed 
The fish were almost ready to move on to the land and at 
this point we tell the rather surprising story of the coela- 
eanth - the living fossils 


The coelueuuth 

In 1938 off the cast coast of South Africa fishermen 
brought up a strange fish that they had never seen before. 
Dr Smith of Rhodes University* Grahamston recognized it 
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as a codacanth-a fish that was thought to have been 
extinct for 70 million years. It belonged to a group which 
had flourished during tho period when fish were taking 
their first tentative steps on to the land. 

The specimen was however in a rather sad state of 
decay before Dr Smith got it and despite highly organized 
searches it was not until 1952 that fishermen brought an¬ 
other living specimen to the surface north of the 
Mozambique channel. Since then more codacanlhs. rang¬ 
ing from 4-5% feet in length and 70-S01bs in weight, have 
been recovered and there is little doubt that they are 
"missing links’, halfway between water and land ani¬ 
mals. 

They have a double respiratory system, gUIs and rather 
primitive lungs. The fins are borne on a scaly stalk pro¬ 
truding from the body and each fin articulates through a 
single structure just as the limbs of the frog, bird, dog or 
man hinge on to the humerus of the arm or the femur of 
the leg. The fin had become a little limb. 

The codacanth confirms what scientists had already 
deduced from fossils - namely that this group contained 
some specimens that crept on to the land and became the 
first amphibians. 


The amphibians 

The amphibians (of which present day representatives are 
the frogs) lived part of their lives in the water and pari on 
the land. In particular they had to return to the water to 
lay their eggs and they could not stand long exposure to 
dry air. 

Apart from the limbs and the lungs which they devel¬ 
oped, two more structures grew in importance In these 
animals. The first of these was the heart which developed 
three chambers, thus increasing its efficiency as a pumping 
organ. The atrium divided into two* the right atrium get¬ 
ting blood from the general circulation of the body (venous 
bloodj, the left atrium getting blood from the lungs 
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(arterial blood). The ventricle is single and receives its 
blood from both atria. Secondly, one pair of gills had be¬ 
come modified as openings on each side of the head, 
covered with a membrane and thus the first ear was in 
being. This is the forerunner of our eardrum. Hear¬ 
ing was of much greater importance on land than in 
water. 

The general structure of the amphibian brain and ner¬ 
vous system is not unlike that of fish. 

Fossil amphibians, found in the Carboniferous period, 
indicate that some were & feet in length, like giant sala¬ 
manders, and one can picture them floundering around in 
the swamps* insecure in their tenure of the land The 
temperatures of this period w r ere semi-tropical and in the 
swamps there was a luxuriant growth of plant life Giant 
ferns more than 50 feet high and with leaves 6 feet long 
were everywhere and even taller plants thrust their 
"christmas-tree* like branches into the air. It was this 
luxuriant plant growth that was eventually to be fossilized 
as our coal measures. Unfortunately the compression was 
so great that we cannot see fossils in the coal but in the 
beds of shale (mud turned to stone) above and below the 
coal measures we find many well-preserved fossils. The 
living relatives of these plants are the ferns (some of which 
are still treelike in New Zealand) and the little 'horsetails 1 
of our ponds and gardens. 


The first reptiles 

Somewhere during this Carboniferous period some of the 
amphibians were developing into reptiles which were 
eventually to displace them and for a period to rule the 
Earth. To what do we attribute the success of the rep¬ 
tiles? 

Sometimes small changes, as for example the stalked 
fins of the coelacanths, can have great unforeseen con¬ 
sequences. in the case of the rep files it was the develop¬ 
ment of a protective coating for their eggs and we have got 
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fossil reptilian, eggs from this period At one stroke this 
made them practically independent of their watery environ¬ 
ment. Eggs could now be laid on dry land without the 
danger of their drying out. This indeed is the main dif¬ 
ference between amphibia and reptiles. By the early Per¬ 
mian period {260 million years ago) the reptiles were 
abundant, judging by the numbers and variety of fossils 
found in the rocks and the amphibians, unable to compete, 
were in steady decline. 

Since the reptilian egg was impervious to water, it was 
impervious to sperm and so fertilization had to be effected 
by the injection of sperm into the female before the shell 
formed, unlike the amphibian eggs which were fertilized 
after being shed from the female. Within the shell the 
embryo fed on reserve food material - the yolk-and it 
was surrounded by a membrane - the amnion - which held 
a small amount of water because the embryo is really an 
aquatic organism. The situation in fact is very similar to 
that in mammals including humans although as we shall 
see, since the mammals developed their young within 
their bodies they have once more dispensed with the 
shell. 

The end of the Permian period was also the end of the 
Palaeozoic era and great geological events were taking 
place. The Earth's crust was being contorted to form great 
mountain ranges that were subsequently to be eroded 
down to form hills. On land many of the tree like ferns 
of the coal age forests disappeared. 


The Age of Reptiles 

The Mesozoic era was the extraordinary Age oE Reptiles. 
The reptiles were to populate the earth, the water and the 
air, and they were to come in all sorts of bizarre shapes 
and sizes and all because of the egg. At the end of this 
period of dominance most reptiles were to disappear in a 
shroud of mystery. The great fern-tike trees were on the 
decline and were being replaced by many of the cone- 
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bearing trees shat are common today. The ponds were in¬ 
habited by aquatic insects and several kinds of fishes in¬ 
cluding lung-fbhes and lobe-finned Fishes which could 
obtain oxygen from the air* Reptiles were abundant and 
in particular the group of reptiles known as the dino* 
saurs. 


The dinosaurs 

The well named Tyrannosaurus was the largest carni¬ 
vorous land animal that ever lived. It was 50 feet long and 
about 20 feet tall as it stood on its hind legs and it weighed 
about 10 tons. Its forelegs had huge hooked claws and its 
large, hinged lower jaw must have given it a perpetual 
gape. Rows of pointed teeth, some of them about a foot 
Long, made this one of the most formidable creatures to 
have walked the earth. 

However not all dinosaurs were carnivorous. Bronto¬ 
saurus which reached a length of about SO feet* due to a 
long neck and a long tall, weighed about 30 tons but lived 
exclusively on vegetation. Its head was absurdly small for 
the length of Its body and it had a very small brain. This 
creature and some of its relatives lived in lagoons and 
swamps since the fossil record shows that its legs would 
not be able to give full support on dry land. 

Stegosaurus, the plated dinosaur, was about 20 feet long, 
had a double row of projecting plates down the back and 
spike-like spines on the tail. The skull was very small arid 
jts brain was only about the size of a walnut. Other dino¬ 
saur* looked like giant armadillos in that they were almost 
completely armour plated. They were the 'tanks" of this 
period. Others had huge horns over each eye and a bom 
on the nose. 

For at Least 160 million years the dinosaurs were “lords 
of creation 1 . Then "suddenly" they became extinct. The 
rocks of 75 million years ago show no fossil dinosaurs and 
indeed no fossil reptiles other than those of modem types - 
such as turtles, crocodiles, lizards and snakes. The dis- 
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appearance of the dinosaurs has been the subject of much 
speculation among biologists and geologists and a number 
of reasons have been put forward. Drastic geological 
changes were taking place. The great mountain chains 
such as the Rockies, the Alps, the Himalayas and the 
Andes were being formed. Continents began to take their 
present shape. Plant life was changing, the climate was 
becoming colder and the dinosaurs had little ability to 
control their body temperatures. The few reptiles that live 
today in cold climates must hibernate and it has been 
suggested that the dinosaurs, unabfe to withstand the cold 
weather and unable to hibernate, died. 


Keptiks in the water and in the air 

Not all of the reptiles of this golden age were dinosaurs. 
Some moved into the sea - the plesiosaurs had long necks 
and bodies 'like a snake stuck through the body of a 
turtle’ and the limbs were like paddles, and the ichthyo¬ 
saurs were fish!ike with no neck and the limbs were like 
paired fins. 

Another group became adapted for night -piero* 
saurs or pterodactyls developed membranous wings sup¬ 
ported bv the fourth finger of the front limb. The first three 
fingers hove daws by means of which the creatures could 
cling to the rocks. The bones were hollow and the brain 
was relatively large for a reptile. The pterosaurs probably 
used ihelr wings mainly for gliding. Because they were very 
active it has been deduced that they were possibly warm 
blooded. Some were no bigger than a sparrow ranging up 
to types that had a wingspan of 27 feet. 


The reptilian bird - Archaeopteryx 

The flying reptiles were not however very efficient in their 
conquest of the ah and they were soon to be replaced by 
a second group of reptiles that took to the air and devel¬ 
oped feathers, a modification not seen in the pterosaurs. 
Fossil feathers have been found from the Jurassic period 
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(136 million years ago). We have no fossils of Jinks be¬ 
tween scales and feathers but there Is no doubt that if the 
fossil birds that have been found had had no feathers they 
would have been classified as reptiles. 

The finding of a ‘missing lint was vital and it was 
found as a fossil in the Jurassic rocks. This find. Archeop- 
teryx as it was subsequently named p was an exciting one in 
that it showed a dose relationship to the reptiles; the 
rudimentary wings had daws, there were teeth in the 
mouth and it had a long tail with a row of feathers along 
each side of the slender chain of vertebrae. 

An efficient bird has to be Light and powerful. Lightness 
m birds Is achieved by feathers and by hollow bones, and 
power by the development of large breast muscles attached 
to an enlarged breast bone. 

One of the major developments is the achievement of a 
fixed body temperature. This penults a high energy out¬ 
put no matter what the external temperatures may be. 
Reptiles, not having this fixed temperature, become slug¬ 
gish when the air temperature drops. 

The Mesozoic also saw the beginning of the flowering 
plants that were in time to become the dominant plants on 
earth. There are about 200,000 species of flowering plants 
today (the rest of the plant kingdom comprises only about 
34.000 species). They have spread to almost every part of 
the globe and they range in size from a few inches of some 
herbdike forms to the giant trees. One thing that they all 
have In common is the flower 

Tbdr rise coincided with the rise of the insects, particu¬ 
larly in the following Cretaceous period which began about 
135 million yearn ago. We have good fossil flowers and 
seeds from this period. There is no doubt at all but that 
flowering plants and insects both owe their prominent posi¬ 
tion to each other because most of the plants are depen¬ 
dent on the insects for fertilization and the insects are 
dependent on the plants for nectar. 

It is of interest to note too that one of the major reasons 
for the success of this group of plants b that the embryo 
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is retained in the mother plant as a seed until it reaches a 
fairly advanced stage of development. There is a striking 
similarity, as we will see. between this system in plants 
and the mammalian system in animals. The moral would 
seem to be: for success, protect the embryo. 

Although birds were well established by the end of the 
Mesozoic era it was in the Cainozoic (beginning about 70 
million years ago) that they developed into the great variety 
of species that we know today ranging in size from the 
humming bird to the ostrich and in colour from the crow 
to the peacock. Birds, like the mammals, have very high 
metabolic rates so that they must have efficient circulation. 
As »e noted the venous and arterial blood of the reptile, 
although at first separate in their atria, are then mixed in 
the ventricle. This b not good enough for animals requiring 
high efficiency so that we find that birds and mammals 
have four chambered hearts. As well as two atria they also, 
by developing a partition, have two ventricles. Thus the 
arterial blood is kept from mixing with the venous 
blood. Bird hearts are larger and stronger than mam- 
nialian hearts. 

The brain of the typical bird is much larger than that of 
a reptile of comparable body size. A good brain Ls required 
for the complications of flying and tbe required sectors of 
the brain seem to be selected for this. In other directions 
however the bird brain is not particularly well developed - 
the bird avoids most o! its problems by flying away from 
them! One ability that is highly developed in many of 
them however is that of migration. One interesting theory 
about the origin of migration suggests that birds origin¬ 
ated when all the continents were together (Pangacah 
Birds attempted to reach their homeland 10 breed each 
summer as the continents floated apart and this process 
has continued each year since then as the continents have 
gradually drifted further and further north. 

Tbis Cainozoic period also saw the rise of a group of 
animals that were to take over ail the empty spaces on 
earth left by the reptiles, and many more besides. 
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The Age of Mamnuili 

For the origin of ibis group we have to go back to the 
beginnings of the Mesosoic period (230 million years ago) 
where we find fossils of mammal-like reptiles. We classify 
them as such because of their teeth and bone structures 
and the positioning of their legs. In this period they were 
relatively unimportant beings, being overshadowed by the 
reptiles: but their time was to come. 

The characteristic features of mammals are warm 
blooded ness, hair which serves to conserve the body heat 
and mammary' glands by means of which the young are 
suckled by the mother. Another striking feature that can 
be traced through the mammals to Man himself is the 
massive development of the brain. The first mammals that 
can be positively identified are from the Jurassic rocks 
(165 million years ago), and they were very small - about 
the size of a rat - and they were insect eaters. 


Egg-layittg mammals 

These early forms were probably egg-laying, revealing their 
reptilian ancestry. Some descendants of this group, the 
duck-billed platypus and the spiny antcaters, are still to be 
found in Australia where they escaped the intense com¬ 
petition to be faced by similar egg-laying mammals in the 
other continents. Probably in very primitive mammals, as 
in the present day egg-laying mammals, mammary glands 
had not fully developed.' For example, the female duck¬ 
billed platypus secretes milk from glands in her belly, 
which oozes out through slits and the young lick the milk 
from the fur. 


The marsupials 

A second group, the marsupials, took a further step for¬ 
ward- The young were retained within the reproductive 
tract of the mother and secured some nourishment from 
the yolk sac for a brief period before being born at a very 
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early stage of development. On being bom. they made a 
hazardous journey into a pooch, the marsupium, on the 
mother's abdomen and attached themselves to the nipple 
of one of the mam man- glands where development was 
completed. 

These early marsupials are represented today by the 
opossums and kangaroos of Australia, When born + the 
young of a large kangaroo are less than an inch 
in length. Those of an opossum are hardly as large as a 
bee. 

For a time the marsupials had some degree of success 
but p like the egg-laying mammals, they were unable to 
compete with the more advanced placental mammals. They 
did flourish for a long period in South America which 
was cut off from North America. No true placental mam¬ 
mals evolved there as they did in most other parts of the 
world and in their absence a scries of marsupial animals 
developed paralleling the placental flesh-eaters of other 
continents with weasel-like p wolf-like and cat-like mar¬ 
supial forms. 

At the end of the Tertiary period connections between 
North and South America were re-established and these 
marsupials failed to survive the competition from the 
placental forms that flooded down from the north. If this 
land connection had not been re-established South 
America might have developed a marsupial + human + ! 

In Australia the marsupials fared better because no 
terrestrial placental mammal* reached that country until 
the arrival of Man and placental animals introduced by 
him. The marsupials developed in great profusion and 
many of them are still there today-koala bears, even a 
marsupial mole and the kangaroos which may be looked 
upon as the equivalent of the placental horses. 


The placental mammals 

Marsupial and placental mammals differ in one major 
respect. As we have noted the marsupial young are botn 
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when very immature and they have to complete iheir 
development in the mother's pouch. The placental mam¬ 
mals. on the other hand, as the name suggest* have devel¬ 
oped a special organ, the placenta, through which the 
young are nourished to a fairly advanced stage whilst still 
in the body of the mother. This device has been very suc¬ 
cessful because the placental mammals have spread 
rapidly over the earth and have replaced the marsupials 
wherever they have been in competition. Placental mam¬ 
mals of Cretaceous age are known mainly from fossils 
collected in Mongolia; they were small insect-eaters giving 
rise in doe course to the modern shrews, ntoles and hedge¬ 
hogs. Early, relatively unspecialized insectneating mam¬ 
mals probably gave rise to all the other orders of placental 
mammals including Man. The mammals came to dominate 
the Cainosoic period as the reptiles had dominated the 
Mesozoic. Few fossils of the early Cainozoic are known 
but they include many kinds of mammals, some as large 
as dogs. 

Then from 75-60 million years ago fossils became 
abundant- This was the great era of expansion of the 
mammals and we find most of the existing orders such as 
booved animals and elephant types on the land, whales in 
the oceans, and bats in the air. By the middle of the Caino¬ 
zoic period-say 50 million years ago - mammals were 
thriving everywhere - grazing, swimming, hunting, flying; 
hooved* clawed animals in profusion. They had expanded 
to fill the gaps that had been left by the vanished reptiles. 

A wonderful picture o£ this time has been revealed 
through the finding of a magnificent fossil bed in the 
Giesel valley of central Germany. This Is an evolutionist's 
paradise, preserved in unbelievable detail, even down to 
pollen grains from some of the flowers. 

Among the trees are fossil redwoods, cypresses, mag¬ 
nolias. rubber trees, palms, figs, cinnamon and mangoes. 
The animals are well represented too-snails, crayfish, 
beetles, butterflies, fish, frogs, boa constrictors. lizards, 
turtles, crocodiles (with their eggs and the embryos still 
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inside them), herons and cranes, an opposum, bats, lemurs, 
tarsiers, tapirs and ancestors of the horse. 

This assemblage of living things is magnificent but odd. 
What are those tropical trees doing In Germany? Sequoias 
(now of California and China) growing side by side by 
rubber trees (now of Brazil), Boa constrictors and croco¬ 
diles in Middle Europe? Marsupials which today are 
found only in Australia and to a lesser extent in South 
America living in the Gicsd valley? What is a tropical 
forest doing in Germany? 

It appears that in the early epochs of the Cainozoic 
very warm climates were widespread. Mammals were 
radiating off in all directions and producing innumerable 
varieties. This was the golden age of the mammal. 

In time however great ice-ages were to follow, in the 
last million years four great ice periods have occurred 
with ice sheets covering much of the higher latitudes of the 
earth and glaciers on all the mountains. This, in contrast 
to the Eocene* was an epoch of widespread extinction, 
particularly of the mammals. Some families disappeared 
that had produced species for 40 million years. Horses 
and camels vanished from the Americas, though they had 
probably originated there. Elephants once widespread over 
Europe* Asia, and America died out leaving survivors only 
in Africa and parts of Asia. 

No new major groups emerged during this period but 
a group of weak* tropical* sparsely haired, dawless ani¬ 
mals were swinging in the trees of Africa, They weto 
almost ready to come down from the trees and inherit 
the Earth, They were the forerunners of Man. 
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8. The Evolution of Man 


The distribution of humans 

Man has been eminently successful in colonizing the Earth. 
The present world population is 3500 million people. This 
number has been reached in a remarkably short lime and 
continues to increase ever faster. 

At the dawn of agriculture, about 8000 BC. the world's 
pop li] a lion has been estimated to have been five million 
people. By the time of Christ it had increased to 200-300 
million due to this development of agriculture and the 
food that flowed from it. By 1650 the population had in¬ 
creased to 500 minion and by the year 1850 if had doubled 
itself to 1000 million due to the Industrial Revolution and 
the consequent increase in the standard of living This 
second doubling took 200 years compared with the first 
doubling which took 1500 years. Between 1850 and 1930 
the population doubled itself again to 2000 million. By 
1975, the population will be 4000 million, and by the end 
of the century we will be up to 6000 million. 

Today human beings are found all over the globe -225 
million in North America, 276 million in South America* 
241 million in the USSR* 34 million in Africa, 456 
million in Europe. 1990 mi Elion in Asia. Where and 
how did this very, successful mammal. Homo sapiens 
originate? 


Man's resemblance to the apes 

The human body is constructed on the same general plan 
as that of other animals and, most notably, the human 
skeleton i$ represented by corresponding bones in the 
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skeleton of apes and monkeys - some resemble them so 
closely in shape and size that it is difficult to distinguish 
one from the other. 

In an attempt to demonstrate the uniqueness of Man, 
numerous investigations have been carried out to find some 
parts of the human body that are not present in other 
primates. AJJ have faded and Dobzhansky, the great 
American geneticist, has put it well when he says that the 
differences between Man and apes are quantiiative and 
not qualitative. Not even in the brain could any unique 
areas be found. 

The human brain is about twelve times as large and 
much more complicated than the monkey brain but most 
of this increase in size is concerned with memory, associa¬ 
tion and speech. So far as his method of seeing the world 
around him is concerned. Man is still more or less at the 
stage reached by monkeys 25 mhiion years ago. He smells, 
tastes* hears, touches and sees as monkeys do. 

In addition Man shares with the apes a great many very 
specialized features; they too have the power of seeing 
things stereoscopically or in *3D\ This is useful to pri¬ 
mates in the trees and it was later to allow Man to mani¬ 
pulate fine tools, Man and apes both have colour vision; 
the females have a menstrual cycle* an absence of breed¬ 
ing seasons* birth usually of only one offspring at a time 
which is greatly cared for by the mother, and the male 
usually has a dominant position in the family or the 
group. 

Ah the embryos of the backboned animals - lizards, fish* 
birds, monkeys and Man resemble each other at an early 
stage of development. The embryos of Man and apes are 
almost indistinguishable up to a fairly late stage in develop¬ 
ment -the human embryo even having a tail before it is 
absorbed. Man's ancestry goes back through the thousands 
of millions of years to the very beginnings of life itself. All 
animals and a! I plants start from the one common origin. 
The higher we go up the evolutionary tree the more closely 
are the animals related to uk 
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The primates 

Mammals came bio being seme 60-70 mil I ion years ago. 
The order to which Man belongs is called the primates 
which has about 200 living species, including lemurs,, mon- 
keys and apes, all with a large braincasc, standing erect* and 
usually having a thumb and sometimes a big toe which is 
positioned for gripping. They usually have nails instead of 
the claws of so many other mammals and they have jaws 
positioned under the braincase. All of them share the 
ability to climb by grasping and this ability lies at the root 
of the whole primate order and makes possible the evolu¬ 
tion of Mm. They came into existence in the trees-only 
Man and the baboons have deserted this way of life - and 
by wrapping their fingers and toes around branches instead 
of driving their daws into them, as other animals did, they 
gained mastery of the trees. In their physiology and bio¬ 
chemistry too the primates have a great many features in 
common. 

All of the living primates other than Man are tropical 
animats and they include (1) the great apes such as the 
chimpanzees and the gorillas of Africa* the orang-utans 
and the gibbons of South East Asia* which are all special¬ 
ized for life in the tropical forests with long arms well 
adapted for swinging from the branches of the trees (2) 
the 130 or so species of monkeys of the Old World and the 
New World, which are smaller than apes or Man, have 
long tails and mostly live in the trees, though the baboons 
live in treeless country: they w r alk on all four legs; they 
have large and movable ears and their eyes are directed 
sideways; they do not have colour vision. 

It should be clearly noted that Man is hoe descended from 
any of these modem day apes and monkeys any more than 
the reader is descended from a distant cousin. Just as you 
and your distant relatives have ancestors in common so 
monkeys, apes and Man have common ancestors not too 
far back in the evolutionary line. 

The question is. how far back and to which of the 
monkeys or apes is Man most closely related. The question 
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k a fairly open one and the details arc constantly changing 
as more and more discoveries arc made. Present evidence 
suggests he is more closely related to the apes. 


Proconsul 

The common ancestor of both apes and Man is thought 
by many to be Proconsul, an animal represented by the 
remains of some 450 individuals dating back some 25 
million years, to a time when monkeys, apes and Man 
had yet to appear. Not surprisingly Protons til showed 
characteristics of all three. He was probably the forerunner 
of monkeys and apes. The question of his relationship to 
Man is still open. 

The first remains were found by Dr Leakey on a small 
island in Lake Victoria, Kenya, in the 1930s. They were 
sent to England where their resemblance to chimpanzees 
was recognized and indeed the name ‘Proconsul* was a sort 
of private joke - *pro T meaning before and “consul' was the 
name of a well-known chimpanzee in the London Zoo. 
Proconsul has a skull of both apelike and Manlike charac¬ 
teristics, It is thought that some of his descendants became 
completely tree-living from which the apes descended, 
while others may have developed a more erect posture, 
inhabited the ground and eventually through a long series 
of mutations gave rise to Man, 


Ramupithectis 

Another possible ancestor of Man is called Ramapithecus. 
His fossils were found in India in 1934 and similar speci¬ 
mens have subsequently been found in Africa and Europe. 
The jaws and teeth were very dose to those of Man and 
he lived about fourteen million years ago* 


The Abominable Coal Man 

Another early primate which must be considered among 
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the candidates for early Man. ratter irreverently known as 
the Abominable CoaJ Man. was first discovered about 100 
years ago and a nearly complete skeleton was found in a 
coal-mine in Italy in 1958. This pre-Man whs about four 
feet tail and probably weighed about BOlbs, Studies of its 
limb bones suggest that it had an upright posture. 


Australopithecus 

In 1924 a small fossil skull was found in South Africa and 
it was named Australopithecus africamts. Since then many 
additional fossil remains have been found including ribs, 
vertebrae, limb bones, skulls and pelvis. 

A very complete picture of this pro-Man has been pieced 
together. He was probably smaller than most humans and 
weighed about 90Jbs. Undoubtedly he walked erect. His 
kind of upright walking was not however the same as 
modem man's heel and toe striding gait It was rather a 
jog-trot, covering the ground with quick rather short steps 
with the knees and hips slightly bent Dr John Napier, an 
expert in. this field, has said that it called for a high output 
of energy and long distance travel was probably impos¬ 
sible, Many believe that he is the earliest member of Man's 
family yet discovered. His age is not yet certain but pos¬ 
sibly he thrived about two and a half million years ago. 
This means that there is a gap of more than ten million 
years between Ramapithectts and Australopithecus during 
which the rocks tell us absolutely nothing about Man's 
ancestry and this gap has been a constant source of irrita¬ 
tion to anthropologists. 

In many ways Australopithecus resembled Man, yet in 
others he resembled the ape. The shape of the pelvis indi¬ 
cates that these creatures walked erect and this is further 
supported by the shape of some of the bones in the feet 
The brain size however was small and this led some people 
to classify them as apes. Recent findings however indicate 
that these creatures were not only toot users but also tool* 
makers suggested to many that they were dose to 'crossing 
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the Rubicon' between animality and humanity and indi¬ 
cates. as Darwin thought, that Africa was the cradle of 

humanity 


A new skull Ls found 

The finding of a different skull - as yet it has no name - in 
November 1972 by Dr Richard Leakey throws doubt how¬ 
ever upon the possibility of modern Man + Homo sapiens* 
being descended from Atistralopithecus, This newly dis¬ 
covered skull found at Lake Rudolph, Kenya* is more than 
two and a half million years old and it does not fit any of 
the already established categories. The significance of the 
find is that it is at least a million years older than any 
previous human skull This means that it must have co¬ 
existed with Australopithecus. The great similarity of the 
new skull to the skull of modem Man {though having 
only about half the capacity) makes it unlikely that the 
apelike Australopithecus gave rise to Man. Leakey believes 
that it is much more likely that the new skull is the real 
ancestor of man and that Australopithecus was an evolu¬ 
tionary dead-end which died out about 700,000 years ago. 


Homo erectm 

There is no doubt however that when we come to some of 
the finds that have been made in eastern Asia, Java and 
northern China that we are dealing with Man, Peking Man 
and Java Man have been grouped into a single species* 
Homo erectus, who lived about 500,000 years ago. Fossils 
have been found in widely separated parts of the world and 
there is quite an abundance of material. 

Homo erectus walked erect and indeed the femur of his 
leg cannot be distinguished from the femur of modem Man 
and he had developed the modem heel and toe gait and 
probably stood about five feet high. The forehead was low, 
sloping back from a heavy ridge above the eyes, and the 
jaws heavy and protruding but the lower jaw bad no chim 
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His brain capacity was larger than that of A ustralopitheeus 
but much smaller than that of modern Man, He used tools 
but* most exciting of all* be had discovered the use of 
fire! Remains of hearths are abundant in the caves in 
which Homo erectus lived 

We now come to rather a thin period in out knowledge 
of the development of Man. The next 200-300,000 years 
are represented by only two broken skulls. Both of these are 
from Europe and they show an increase in brain size to¬ 
gether with, a higher forehead 


Neanderthal Man 

Neanderthal Man appeared in Europe. Asia and Africa 
about 100*000 years ago, just before the last glacial period 
Hq lived in a harsh environment and thus he took to caves 
for protection. He appears to have been a strong, stocky 
build and many of his remains have been found throughout 
the caves of Europe, He was a hunter and was well 
acquainted with the use of fire. He dressed animal skins 
and probably used them for clothing to protect him against 
the cold and wet. He had a large head and had as large a 
brain as modern Man, Indeed it has been said that if we 
put him in a suit of clothes and sent him down to the 
supermarket for groceries he might pass completely un¬ 
noticed. There is evidence also that he buried his dead and 
this has been interpreted as indicating the first stirrings of 
a social and religious sense With the dead he often buried 
tools. 


Homo sapiens 

Then some 30-40.000 years ago Neanderthal Man van¬ 
ished from the scene, perhaps because he was unable to 
withstand the fierce cold which prevailed in Europe at that 
time: yet he also vanished from areas not subject to the 
Ice Age, Some anthropologists consider that he evolved 
into modem Man - Homo sapiemi others dial he was 
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exterminated by Homo sapiens who appeared on Lhe scene 
then. 

An early form of Homo sapiens, appearing some 
35-40,000 years ago, was Cro-Magnon Man who, judging 
by his culture which was quite different from Urn of 
Neanderthal Man* was not a native of Europe. His remains 
indicate that he was very variable in height but some were 
up to about six feet. He was a great wanderer and in a 
remarkably short space of time; if we are to judge by his 
fossil remains, he appeared in Asia, Australia. Africa and 
Europe. He was a great hunter and he made well-fashioned 
tools of stone both for killing and for preparing his meats 
and skins. Some were also artists, indicating a level of 
culture high enough to draw the beautiful animals on the 
cave walls of France and Spain. 

About 10,000 years ago, still during the time of Cro- 
Magnon Man, many large mammals became extinct all 
over the world The reasons for this are not known but it 
has been suggested that this disappearance led to Cro- 
Magnon Man giving up his cave existence and his depend¬ 
ence upon hunting to develop a more village type of 
existence where he cultivated crops and animals* and was 
in fact a farmer. He was virtually indistinguishable from 
people of the present day. 

One of the problems that still remains wide open is 
whether all the present day races of mankind developed 
from a single stock or whether they are the result of deriva¬ 
tion from different forms. 


Modem theory on the evolution of Man 

Assessment of the course of Man's evolution has under¬ 
gone a radical revision in the past 30 years or so. Up 
until the 1940s it was assumed by anthropologists that the 
spectacular development of the brain came lirst and led the 
pre-Man to move down from the trees, to develop an up¬ 
right gait, to make him a tool-making and tool-using ani¬ 
mal. This is not however home out by the evidence of the 


o 






Modem Man looks at E volution 


146 


fossils. In 1948 Professor Edingcr of Harvard University 
showed that the growth of the brain followed the physical 
development and change; that the development of the body 
came first and that the development of the brain came later; 
that we had human bodies before we had human intelli¬ 
gence. Anthropologists elsewhere, and to theEr surprise, 
found human bones, in particular human pelvic bones, 
alongside apelike skulls. There was only one conclusion, 
"Man" was walking while his brain was still that of an ape. 

About a million years ago, the theory now runs, a change 
took place that was of fundamental importance. Some of 
the ground-living apes who had come down from the trees 
to have access to a wider range of foodstuffs were bom, 
due to mutations, with a different kind of pelvis. No doubt 
this type of mutation occurred among the tree diving apes 
but in the trees it had no evolutionary advantage and 
therefore no matter how often it appeared it would not 
survive. On the ground however it was a very different 
matter because this change in the pelvis meant that not 
only could the ape walk upright but it had to walk upright. 
On two legs. For the first lime the upper limbs were free 
and thus tools could be carried in the hands. 

Wish the aid of tools these upright apes gained an 
advantage over their relatives on all fours and thus they 
survived. Not only that but natural selection was off on a 
new tack, A premium was now placed on brain rather 
than muscle and so those that by chance mutation devel¬ 
oped better brains and were therefore better tool-users 
were selected again and again. It thus appeared to Pro¬ 
fessor Washburn of Chicago, who put forward the theory 
that the whole vital evolutionary cycle began when some 
of the big ground-dwelling apes were born with a shorter 
pelvis. It was only after the trunk and the pelvis and the 
legs had developed much as they are today that the brain 
then developed until it reached its present stage. 

As the new species emerged so he began to move over 
the various territories of the Earth, His upright stance and 
his hcel-to-toe walk widened his range of activities At first 
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a vegetarian he learned as be moved out of his tropica] 
forest lo eat meat and the tools and weapons that he' 
developed as a result of having his upper limbs free enabled 
Mm to ensure an adequate supply of food. 

One result of Ms changing lo meat-cater meant that he 
could not only extend his territorial range but he also had 
more lime for other activities. One good feed of meat 
would last him for a whole day. As he learned to cook 
and dry his meal so he found that he could carry it with 
him and thus survive over fairly long distances. As he 
reached the colder dimes he used skins and furs for pro¬ 
tection. 

By natural selection he now had a large brain and he was 
able to invent more complex tools and devices - spears for 
throwing, bows and arrows, bridges and boats for crossing 
rivers. As the population increased so the more adventure¬ 
some had to move out into unexplored territories. Many 
would perish but natural selection favoured those with the 
physical and mental capacity lo survive. 

So these hunters moved throughout the Old World, out 
into Australia, up into the Far North across the Bering 
Straits into Canada and down the length of the Americas 
to the southernmost tip of South America, leaving behind 
them as they went those who were content with a more 
settled existence. So in time the Earth came to be popu¬ 
lated by human beings. 

Then some 10.000 years ago man ceased to be a hunter. 
He settled down to cultivate crops and animals. It was the 
dawn of agriculture and groups became less nomadic and 
more separated and by new mutations and continuing 
natural selection, they developed their own characteristics. 


The races of Man 

Thus Man emerged as a species and began to separate 
into races at one and the same time but this process was 
probably accentuated as he became less nomadic. 

The following races based on such features as hair 
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texture, width of nose, and colour of skin, have been 
recognized by anthropologists. Caucasoid - wavy hair, nar¬ 
row nose, -while' skin: Negroid - woolly hair, broad no$c P 
'black* skin; Mongoloid - straight hair, moderately broad 
nose, yellow-brown skin; Australoid - curly hair t 
moderately broad nose, ‘browrf skin. 

Until recent years some anthropologists have tried to 
insist that races are separate species, or even separate 
genera with Caucasians descended from chimpanzees. 
Negroids from gorillas* and Mongoloids from orang-utans. 
Fr&n2 Weidcnreich during the 1940s claimed that races 
are descended separately not from such divergent parents 
as the several great apes but from the less separated lines 
of fossil-men. for example Peking Man led to the Mongo¬ 
loids, Rhodesian man to the Africans, and so on. 

Such theories are no longer acceptable in the light of 
modern findings and it i$ generally agreed that the races 
developed from a stock showing all the features of Homo 
sapiens. 

How do we explain the different facia! and other ebarac- 
terishes that are apparent in the different races? If we 
accept Darwinism as applying to Man then these features 
must have or have had survival value since they were 
chosen, from random mutations, by natural selection. 

In fus fascinating article on 'The Distribution of Man 4 
William Howells (see Further Reading) attempts to answer 
some of these questions. There is a tendency among warm¬ 
blooded animals of the same species to be larger in colder 
parts of the territory. As an animal gets larger its inner 
bulk increases faster than hs outer surface so that more 
heat is retained. Secondly, the size of extremities such as 
limbs, ears, noses, is smaller in colder climes and larger 
in wanner for the same reason. Man, in common with all 
other animals, obeys this general rule, there being lanky 
long-limbed people in hot deserts and dumpy short-limbed 
people in the Arctic, 

Ihe dark skin of Negroes is due to a pigment called 
melanin which all humans possess to a greater or lesser 
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degree. It screens the skin from the ultra-violet portion of 
sunlight. The Negro skin has probably been selected in 
response to the strong sunlight of the equatorial regions* 
although other suggestions, such as giving protective 
colouration in the forest, have also been put forward. The 
woolly hair of the Negro provides a very effective protec¬ 
tion against the heat from the sun. 

The Caucasian race extends from cloudy non hem 
Europe, where the ultra-violet from the sun is not only 
acceptable but desirable, down to the intensely hot Sahara. 
It h therefore of great interest to note that as one pro¬ 
gresses southwards and there is therefore a greater need 
for protection from ultra-violet then the pigment deepens. 
The Scandinavians are very light skinned with fair hair, 
the Mediterranean people arc swarthy, brownish in Arabia, 
and dark brown in India. It is templing to assume that here 
again we have natural selection at work. 

The slant eyes of the Mongoloid are deeply set in pro¬ 
tective fat-lined lids, the nose and forehead is flattened and 
the cheeks are broad and padded with fat. This, says Dr 
Howells, is an ideal mask to protect eves, nose and sinuses 
against bitterly cold weather This face evolved under in¬ 
tense natural selection some time during the last gbcial 
advance among peoples trapped north of a ring of moun* 
tain glaciers and subjected to fierce cold which would have 
weeded out the less adapted, in Darwinian fashion. This 
must have happened not so long ago because the popula¬ 
tion must have been well advanced in hunting skills to 
survive in such intense cold and. furthermore, the change 
must have occurred after the American Indians, who arc 
Mongoloid but have not got this transformed face, migrated 
across the Bering Strait. Only the Eskimos in America, 
representing a later Invasion 1 , have got the typical eyelids, 
foreheads and cheeks. Dr Howells therefore considers 
that the selection took place between 25,000 and 10.000 
sc. 

The term Tftce T is now becoming difficult to define. Its 
boundaries are becoming blurred. The members of the 
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various human populations are no longer isolated behind 
mountains or by stretches of sea. The aeroplane and indeed 
all forms of travel are breaking down the barriers and 
marriages between persons of different populations are 
taking place. The United States has been described as the 
great ‘melting pot' where peoples of all races are inter- 
mingling. The same is also true of many of its near neigh¬ 
bours in South America. Zn time w r e may see Homo 
sapiens returning to a homogeneous condition though dot 
the homogeneous condition in which he set out so long 
ago to roam the plains of the world. 


Man us a soda! animal 

We do not know when Man became a social animal. Pos¬ 
sibly even before he became Man he hunted and lived in 
groups but the specialization within these groups would be 
small. The males would be hunters and the females would 
rear the young. 

With the coming of agriculture however some 10.000 
years ago, leading to a greater availability of food and a 
more stable existence, specialization would rapidly follow. 
Thus some members of the tribe* being particularly good 
at growing plants, would become farmers; others gaming 
a knowledge of poisonous and drug plants would become 
witch doctors and medicine men. Some, because of greater 
muscular or brain power s would become the leaders of the 
tribe; they would employ servants to do their manual tasks 
for them and thus a hierarch [a I system would develop. 
Some of the servants would be employed as soldiers. 

With the coming of the industrial revolution to the 
western world in the eighteenth century the pace of special¬ 
ization accelerated as more men were required to guide 
the activities of the various machines. Some people 
acquired great wealth and therefore power. They employed 
managers to oversee the running of their great factories. 
The manager in turn employed specialists in all the various 
branches of an industrial concern. Thus our modem 



The Evolution of Man 15] 

society came into being, Man bad come a long way from 
Proconsul. 
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9. The Way Ahead 


Predictions 

One of the most difficult exercised in which one can dabble 
is to attempt lo predict the future. In 1937 a group of top 
American scientists sat down together and recorded their 
predictions as to what might be the main technological 
developments by 1967. Among other things they completely 
missed computers* radar p most contemporary electronic 
devices, antibiotics and the jet engine. 

Professor John Lenihan. a Glasgow scientist, tells us 
that Lord Kelvin wrote in 1S96 to Colonel Baden-Powell* 
i have not the smallest molecule of faith in aerial naviga¬ 
tion other than by balloon rig/ and Newcomb the Ameri¬ 
can astronomer observed a few years later* 4 No possible 
combination of known substances, known forms of 
machinery and known forms of force can be united in a 
practical machinery which mm shall fly long distances. In 
1956 the newly appointed Astronomer Royal described 
space travel as s bilge, utter bilge*. 

Prediction seems to be a very chancy business and yet 
lots of people indulge hi it 

Already there is in being a Commission on the Year 
2000, an Institute for the Future and a World Future 
Society. Many people seem to be willing to take a chance. 
Why shouldn't we? 


The population crisli 

One of the major problems that is facing Man is the 
exploding birth rate all over the world. In many of the 
underdeveloped countries mortality among babies and in¬ 
deed among the population generally was high because of 
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the twin evils of disease and starvation. How however with 
the development of modem medicines such as penicillin, 
streptomycin and the anti-malarial drugs, with tire control 
of disease-carrying insects due to the use of DDT and 
other Insecticides, with increased food production due to 
modem agricultural methods, the rate of mortality has 
fallen sharply. People are living longer and more babies 
are surviving into adulthood. In India alone DDT helped 
to reduce the incidence of malaria from 75 million to 7 
million in a decade, In Gsylon, following a massive DDT 
campaign, the number of malaria cases dropped from -.8 
million in 1946 to 110 in 1961 and the number of deaths 
dropped from 12.587 to zero over the same period. In 
Venezuela the number of malarial patients fell from 
817,115 in 1943 to 800 in 1958. Ail over the world a simi¬ 
lar story is told not only for malaria but also for many 
other insect-borne diseases such as typhus fever and 

dysentery. , , , 

Although much has been written about the underdevel¬ 
oped countries the position in many of the advanced tech¬ 
nological countries is striking too. In Britain, for example, 
the population is rising at the rate of 0.6% per year. This 
is one of the lowest rates of increase in the wortd as can be 
seen from the following table (which is devised from 
Ehrlich and Ehrlich, Population, Resources, Environment). 


POPULATION GROWTH 

Present Papin. Present %s«ge Number of yrt 



(Million*) 


(mid 1969) 

WORLD 

3551 

AFRICA 

344 

ASIA 

1990 

N. AMERICA 

225 

LATIN AMERICA 

276 

EUROPE 

456 

USSR 

241 

OCEANIA 

19 


increase 

1.9% 

2.4% 

7.0% 

1-1% 

2.9% 

0 . 8 % 

1 . 0 % 

1.9% 


to double 
(projected) 

37 

23 
3$ 

63 

24 
33 
70 
41 
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but even ibis low 0-6% increase means a doubling of the 
population in 100 years. If this rate continued for the nest 
2000 years it would multiply the population a million 
times. It would mean that there would be 150 people per 
square yard. Packed into their multi-storied tenements like 
sardines they would be emitting so much heat that it could 
not be radiated into space and they would frizzle to death. 

The rale of increase in Asia is remarkable. With a 
present population of nearly 2000 million and a 2% in¬ 
crease there is going to be a population of 4000 million 
(mom than the present world population) by the year 
2000. 

Already two-thirds of the world's population Js under¬ 
nourished, What is going to happen when the population 
explosion really gets under way? Famine, disease, war or 
all three? The Ehrlichs tdl us that time is running out on 
us. If the net reproduction rate in the United States bad 
been reduced to unity in 1965 the population would con¬ 
tinue to grow for another seventy years and reach a figure 
33% above that of 1965 before stabilizing. The urgency 
of the problem of achieving a reduction in growth can 
therefore be appreciated 

On a global scale the present rates of population growth 
imply a doubling of human numbers in loss than 50 years, 
a quadrupling in less than I00 fc an eight-fold increase in less 
than 150 years. 

The Food crisis 

We should not assume that the "blame' lies solely with the 
developing nations. Population growth in the better off 
countries over the next 30 years is projected at 500 mil¬ 
lion. By present standards each of these people will con¬ 
sume six times as much food as that eaten by individuals 
in the poorer countries so that the actual effect of 500 
million new 'affluents' on Earth is approximately equal to 
the impact of nearly 3000 million additional human beings 
being expected in the developing countries by the end of 
this century. By the year 2000 food supplies will have to be 
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expanded by 160% for Africa, 240% for Latin America, 
and 200% for fowl Asia merely to provide a minimum 
adequate diet for their peoples. 

Very significant increases in grain yield are possible. Due 
to the introduction of high yielding varieties and an In¬ 
creased use of fertilizers leading to the ‘Green Revolution* 
the Indian wheat harvest in 3968 was 35% above the 
previous record and the Pakistani crop was 37% higher 
than any previous year Due to an early maturing of these 
new varieties and their Independence of day length two or 
three crops may he taken in a year. In the Mysore State 
of India farmers are growing three com crops every four¬ 
teen months. When adequate water supplies are available 
Indian, Indonesian and Philippine fanners can grow 1 two or 
three crops of rice in a year. 

It is a great pity that such massive increases are being 
used up by an ever increasing population rather than 
alleviating the hunger of a stabilized population. No doubt 
many new food production techniques will be developed in 
the years ahead for already the foundations are laid- 
extraction of protein directly from plants of all kinds in¬ 
cluding grass; the growing of algae in tanks to give massive 
yields; the growing of yeast and other micro-organisms as 
food* on various waste by-products of e.g. the oil industry; 
and the vast resources of the oceans have as yet been 
almost untouched. The fisherman is still at the stage that 
Neolithic Man was at 10,000 years ago when he went out 
searching for his food. Marine culture must soon follow 
in the path of agriculture. 

Despite all of the new developments and techniques how¬ 
ever world population will continue to keep ahead of food 
production and as the years go on the gap will not narrow; 
it will widen. 


The resources crisis 

With increasing numbers demanding (rightly) higher stan¬ 
dards of Living so our natural resources are tending to run 
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out. It has been estimated that there will be little crude oil 
and natural gas by the end of the century. Manganese, 
molybdenum, cobalt and aluminium will have disappeared 
by the year 2200; other raw materials are dwindling. 


Population control 

What can be done about these crises? To roost thinking 
people it seems clear that there i$ only one answer-limit 
the population by birth control. Man has temporarily re¬ 
moved most of the natural selection processes - disease, 
famine and so on that in the past limited his numbers and 
still today limit the growth of animal populations, but he 
has not substituted anything in their place. He is like a 
small boy who, limited in the amount of sweets that he can 
eat by the amount of money that he has available, suddenly 
finds that all the brakes arc of! - the sweet shop doors are 
open and be can eat as many sweets as he Likes. Like the 
small boy who can either eat until he is UJ or become self- 
disciplined and enjoy sweets within reason and remain 
healthy, so Man has a choice too. He can go on reproduc¬ 
ing until the race becomes mortally ill due to overcrowding, 
lack of food, disease or he can develop a self-discipline, 
decide to limit Ms numbers and have a good life for all. 

Under such circumstances it is not surprising that in 
many scientific areas there is massive research going on for 
birth control measures. The ^piir is as yet in its Infancy. 
Soon we may have male pills which will prevent sperm 
production or render such sperm innocuous. Another is the 
'after 1 pill which will destroy any fertilized ova after inter¬ 
course. The pros and cons of abortion have also been 
widely debated, it would seem however that with the 
eventual development of birth control measures then abor¬ 
tion will in the main become a non-issue. 


The pollution crisis 

Another of the major hazards that Mankind is facing and 
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will face increasingly in the future is pollution. This is not 
a new phenomenon. When Dr Johnson visited Edinburgh 
he remarked, 'There Is a strange effluvium in this city\ and 
Boswell explained, *Sir, it is from the open sewers/ When 
the housewives of our cities in the Middle Ages threw up 
their windows and yelled ‘Gardest-loo* before tipping the 
human excreta to the streets below and, incidentally, on to 
the heads of passers-by who happened to be hard of 
hearing or not nimble of foot, they were polluting the 
environment more surely and directly than their present 
day successors do around Lhe beaches of our country. Our 
*Gardez-loo* cities were not exactly conservationists 1 
dreams but note this: they were accepted as normal 
until the sewage technologists stepped in to solve the 
problem. 

Increasingly the people of this world of ours are demand¬ 
ing more of the products of our technology. In the United 
States the amount of goods and services has grown as much 
since 1950 as it grew in the entire period from the landing 
of the Pilgrim Fathers in 1620 up to 1950, Technological 
development has grown as much in the past 20 years as it 
grew in the previous 320, The United States is increasing 
its annual output of tin cans, plastic containers, electric 
power, cars, chemicals and other manufactured goods by 
300,000 million dollars per year - not only is there a popu¬ 
lation explosion; there b a corresponding technological 
explosion too. 

As we reap the benefits of technology, and there are 
many, so we have to cope with its by-products. Industrial 
waste, oil spills* motorn^T exhausts, smoke, plastic con¬ 
tainers, noise and our own sewage. There are some scien¬ 
tists who predict that Man will disappear in a sea of pollu¬ 
tion - that he will not long have to worry about the popu¬ 
lation explosion - the pollution explosion will do the job 
for him if we do not halt technology. I do not believe that 
halting technology b the answer, Thb is the best environ¬ 
ment in every way. social, cultural, aesthetic and medical 
that Man has ever lived in in alJ the years of hb existence. 
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As has been said by Alexander Szalai in the Journal 
Ceres M 'Let us not forget that Man in his "natural state” 
had an average life expectancy of less than 40 years, was 
mercilessly exposed to hunger, cold and all sorts of 
“natural" illnesses and ravages; life was poor. nasty, brutish 
and short. Before the beginning of the seventeenth century 
twelve famines swept through England every 100 years. It 
is only in the highest industrialized societies and only 
there that man can now expect on the average to live 70 
years or more and that millions - though as yet by far not 
enough mill ions-can enjoy welfare and well-being un¬ 
attainable- on any lower level of economic and technologi¬ 
cal development 

There is a threat of pollution and in parts of some 
countries such as the United States of America and Japan 
it is more than a threat but the technology that creates so 
many problems will also, I believe, be instrumental in 
solving the problems. The answer is certainly not to halt 
technology for technology gives Man many of the good 
things of life. The technologist however must learn to look 
at the whole process, not just part of it - the supply of raw 
materials., the finished product, the waste products of the 
process and perhaps above all the recycling of materials so 
that by-products (pollutants) are cut to a minimum and 
the strain on natural resources is lessened 

If Man surv ives the population explosion, the resources 
crisis and the pollution threat as ! believe by means of his 
common sense he will, then what lies ahead? 

The control of ageing 

For centuries men of power and influence feeling their 
abilities slipping from them as they aged have attempted to 
arrest the ageing process. They have searched for the elixir 
of youth but monuments of stone testify to the futility of 
their quest. They were doomed to failure because their re¬ 
searches were compounded of folklore and witch doctor 
mumbo-jumbo from rabbits paws to monkey extracts. 

All living creatures seem to have their allotted span - 
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150 years for a tortoi-se, a day for a may fly, three score 
year* and ten for Man. Is their Jile span immutable? Is it 
predetermined? Must we accept it? Or is it a wearing out 
process that can be arrested? Much research is being 
devoted to the subject. 

It seems clear that the ageing process is linked closely 
wit}] the death of individual cells in the body that fail to be 
replaced-nerve cells, muscle cells, kidney cells. Why 
should the cells die? Is it as has been suggested by some 
biologists that the cells produce substances which in time 
‘dog up' the mechanism of the cell? If this is so then it 
should be possible to devise chemicals which bring about 
dedogging. If this is SO then some believe that this elixir 
would not only delay ageing but might even slop death 
and humans would achieve immortality. 

Other scientists believe that cells are "programmed’ Just 
as a computer is programmed* to function for a certain 
length of time and then the programme runs out If this is 
$o then it b reasonable to think that some day scientists 
may be able to tinker with the programme and perhaps 
put it on an endless belt system. The programme, if pro¬ 
gramme there be, b probably encoded in the DNA of the 
nucleus- 

immortality may not be a wUd pipe dream. Some day 
scientists will decode the process of ageing just as they 
have solved and are In process of solving other biological 
"mysteries' such as how hereditary characteristics are 
passed on from one generation to another through an 
ovum and a sperm which are too small to be seen with 
the naked eye. 

The social consequences of the elucidating of the ageing 
process would, of course, be enormous. There would be no 
death, other than that caused by accident or illness and 
there would be therefore little renewal of life. Would there 
be a pact by means of which people would agree that they 
wouldn't have children or would Governments legislate 
that they mustn’t? Would the ultimate step of sterilization 
be la ken? 
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Even in the case of accidents or illness in the future it 
m&y be possible to replace the injured or diseased organ 
whether it be lung, heart, kidney. liver or limb with a 
brand new one. At present some such replacements can be 
effected with varying measures of success but all require a 
donor. It may in the future be possible to grow new 
organs from a few cells taken from the original organ. 

Ffant. animal and human cells from various tissues can 
at present be kept alive and growing for an indefinite 
period In the case of plants these cells by special hormone 
treatment can be induced to form roots and shoots. At 
present we cannot make animal or human tissues form new 
organs but it could be a matter of time and technique. 
Every cell carries the potential information to enable it to 
form an organ. 

We must not underestimate die difficulties that are 
involved but if organ-growing became a reality, as I be¬ 
lieve ft will, then many of the problems of transplantation 
of organs would be sol ved. There would certainly be no 
rejection problems since the new organ would have the 
same genetic make-up as the organ it was replacing. New 
lamps for old indeed! 

It would appear however that there would be almost 
insuperable problems in brain regeneration or brain trans¬ 
plantation and some among those who believe that immor¬ 
tality is at least a possibility have expressed the fear that 
although the body may be kept physically young the brain 
and the mind may degenerate so that it would be a senile 
mind in a young body. But need this be so? 

Some of the most exciting scientific work of the future 
may be in the area of mind-biology and it is certainly true 
that It is becoming increasingly possible, by means of drugs, 
to affect and alter moods and emotions. Also research into 
the nature of memory is throwing up some very inleresting 
results suggesting that it may have a chemical basis. If 
this is so then rejuvenation of memory could be a very 
real prospect. 

There is certainly much work being done on the problem 
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of ageing. In the United States there are more than 1000 
teams working on it and it would be a fair guess that there 
is at least a cum parable number of teams working in the 
USSR. 


Cloning 

The normal method of reproduction of living things is that 
a male seed or sperm fertilizes a female egg or ovum and 
from this fertilized ovum a new individual develops by cell 
divisions. 

There arc other ways, particularly in the plant kingdom. 
We can take cuttings from say a carnation and produce lots 
of new carnation plants which are identical to the original. 
A slightly more refined method of propagating in this way 
is to separate out a number of body cells (note not repro¬ 
ductive cells) and by developing these cells under the 
correct conditions to grow from each one a fully mature 
plant 

Such a group of plants all genetically identical b known 
as a 'done* and the question arises-will it in the future 
be possible to clone people? 

We will certainly not be able to take cuttings. Arms, or 
kgs, or hands, or fingers just don't grow into human 
beings. There are however many biologists who believe 
that it might be possible to take a number of. say* skin 
cells and grow each cell by division, into a human 
being. 

At present it is possible to grow such skin cells in test 
tubes but they just produce more cells. The idea pro- 
posed b that by giving them the correct nutrients, vita¬ 
mins and hormones such cells might be induced to divide 
and differentiate to form the multifarious tissues and 
organs that go to make up a human being. A pipe dream? 
Perhaps, but many biologists regard it as a real possibility; 
but why do it? 

H. J, Muller the famous geneticist believes that the 
human race is deteriorating genetically and is therefore 
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doomed unless something is done to check the process. 
Cloning would be one way of stabilizing the human race if 
we chose our stock wisely. We could clone* for example, 
from people with high intellects (Einstein would be an 
obvious choice, if he weren't dead). By means of a cloning 
process we could have dozens of Einsteins and we could 
have Einsteins of all different ages - a five year old, a ten 
year old. a twenty year old. a thirty year old and so cm. all 
Einsteins. The older Einsteins could tutor the young Ein¬ 
steins. Think of what that clone could do for mankind (if 
mankind were prepared to listen). Einstein is of course 
dead, but more geniuses will be born and when they are 
and when they are recognised as such will we just let them 
die? Or will we done them? 


Sperm and ova banks 

Less futuristic is the suggestion by Muller that we might 
collect sperm and ova from geniuses and establish ’banks* 
to be used as and when required. Sperm can be frozen 
and stored indefinitely and such sperm can be used as 
required for insemination, The process L$ used extensively 
in cattle breeding. In Denmark for example 98% of all 
calves are sired by AID (artificial insemination by donor). 
The system is also used for humans. It has been estimated 
that there are some 5000-10,000 AID children a year in 
the USA and perhaps 1000 in Europe. 

So far only male sperm have been given P stored and 
used but in future it may be possible to remove the ovum 
or egg from a woman, fertilize it in a test tube and then 
replace the fertilized ovum in the uterus of the female. 
These processes have already been carried out in animals. 
Top quality ewes are inseminated by sperm from top 
quality rams. The resulting small embryos are flushed out 
and implanted into rabbits which act as carriers. One small 
rabbit can carry several embryos and the rabbits are sent, 
say. from Australia to America. At their destination the 
rabbits are killed, the embryos removed and then implanted 
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into run-of-the-mill e*ves which act as incubators* and 
eventually give birth to lop class lambs. 

Not many people would like to sec such a system adop¬ 
ted for humans. There would indeed be massive public 
reaction to such a suggestion. Attitudes change however 
and modifications of this technique might become accept¬ 
able in the millennia that lie ahead. 


Cultural evolution 

Most scientists believe that the evolution of Man is an 
ever continuing process but few are wMing to predict 
what the future A shapc h of Man is going to be. A massive 
increase in brain size with a corresponding decrease in the 
importance of the body? A world dominated by machines? 

Some scientists believe that as far as Man b concerned 
his biological evolution has run its course - 'during the last 
fifty thousand years we have no evidence of ait appreciable 
increase in mental ability’. Cultural evolution has taken 
over Cultural activities require a powerful brain and in 
this respect no animal comes near to Man. The Man-like 
creatures of 30 million years ago had the brain volume 
equivalent to that of a new-born baby (300-400 
centimetres). Within Urn following 29 million years ihe 
brain size almost doubled to 600 cubic centimetres as in 
the Auslralopiihecines. In the following 5O0 + OOG years it 
more than doubled again to I400-1700 cubic centimetres in 
Homo sapiens. The greatest growth has been In the tem¬ 
poral lobes of the frontal brain controlling speech and 
abstract thought so that Man, unlike the apes or any other 
animals, has a new dimension; he can think into the future. 
He can plan, have aims, and purposes. As a result he also 
has traditions and he accumulates knowledge over succes¬ 
sive generations. He is unique in that information can be 
passed on, not only by genes but by words, Man has the 
ability* possessed to only a small degree by some other 
animals, to pass on his experiences and traditions by word 
of mouth, by books and by other technological aids. With- 
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out this added dimension P which is cultural, he might have 
ceased lo esist because he had run his biological course 
and he would perhaps have been succeeded by some, at 
present unrecognizable, organism waiting in the shadows to 
lake over as the primitive mammals took over and evolved 
from the reptiles. The main difference between the reptiles 
and ourselves in this respect however Is that we are aware 
(through our culture) of sueh possibilities and we can 
be constantly on the lookout to forestall such happenings. 
In this way by the development of his culture, Man could 
go on almost for ever. 

The major factor in the development of this culture has 
been books and printing and they have an interesting 
evolutionary history of their own. The first books were 
probably produced in China about 5500 years ago written 
on long wooden tablets. Paper was invented in China too 
by Tsai-Lun about 20GQ years ago but before this the 
Mesopotamians used baked clay and the Egyptians used 
papyrus. The early Muslims scratched the Koran on skins 
and Hat bones, India's literature was recorded on palm 
leaves, and Russia's on birch bark. Movable type printing 
was also invented by the Chinese more than 900 years ago 
but it was more than 400 years later before this invention 
was taken up by the Europeans. It is recorded that at the 
time that Johann Gutenberg was producing Europe^ first 
typeset books in Germany (in the 1450s), Ibe Koreans 
produced an encyclopedia of 112 volumes! 

Man's future need not be determined by his environment 
because he can adjust it to suit himself; he does not "need' 
to mutate to suit his environment. In the cold climate Man 
does not "need" to develop mutants with furry skins to 
survive. He wears the furry skins of other animals, He 
does not 'need 1 a dark skin to survive in the tropics as he 
can devise suitable clothing and housing. The removal of 
'natural selection' (and Man has almost achieved this) has 
its dangers. "Nature* will strike hack. The main danger is 
the almost limitless growth of population. It cannot con¬ 
tinue unabated or natural selection will re-assert itself. Will 
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Man have enough sense to recognize this? His destiny 
could be shaped by the acts of Mm 


The drifting continents 

As Man struggles with hU biological cultural evolution 
however many changes will be faking place in the physics! 
world around hi m. As we saw in Chapter 3 the present 
shape and position of the continents is due to their drilling 
‘on a sea of magma'. This like ail natural happenings ts a 
continuing process. It does not stop ski ply because we 
have noted it any mote than evolution stopped because 
Darwin drew our attention to iL 
Robert Dietz and John Holden speaking to Samuel 
Matthews of National Geographic have postulated what 
will happen in the next 50 million years if present rates of 
drift continue. "Los Angeles, far north of San Francisco by 
then, will nearly have reached the Aleutian Islands. Ten 
million years more and it Will either slide into the Aleutian 
Trench or become part of a new landmass. Central 
America will be gone. The Atlantic and the Pacific will 
meet in the Caribbean Sea, East Africa will have broken 
from the rest of the African continent and the Great Rift 
Valley will be a long water-filled gulf. The Red Sea will 
have widened, the Mediterranean shrunk. Australia will 
have moved north beyond the latitude of Singapore and 
will have overrun most of Indonesia." The process will be 
so gradual of course that people Of there are people) will 
not notice. 


The Ufa of the Sun and the solar system 

The energy from the Sun is derived from the conversion 
of hydrogen into helium and since this goes on at a steady 
pace we can predict, with some degree of certainty, how 
long the Sun is going to last. Although it is losing about 
four million ions in weight every second it will go on pro¬ 
ducing energy for the next 16.000 million years which k 
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certainly a long enough time to allow some pretty pro¬ 
found evolutionary changes to take place. Will the process 
end with a bang or a whimper? H the Sun is not different 
from other stars land there is no reason to suppose that it 
is) then it will gradually lose its energy and it wMJ fade. As 
its fuel is exhausted it will shrink to a tiny fraction of its 
former size becoming what is known as a 'white dwarf. 
Such white dwarfs are not uncommon in the universe. It 
may then cool and no longer give forth heat, or light, and 
at its terminal point become a H black dwarf invisible in 
the sky, The Earth s temperature will long before this have 
dropped to -300 D F. The Earth's atmosphere will have 
condensed to liquid air covering the eternal ice of the 
oceans to a depth of 30 feet. No stars will be visible. The 
sky will be everlastingly black as the cold planets revolve 
for eternity, in perpetual darkness around their black 
dwarf which in its heyday poured forth heat and light. 

Another possibility however is that as it nears its end the 
white dwarf win become a nova, i.e, there will be a tem¬ 
porary massive increase in solar radiation so that the tem- 
pemture on Earth will rise so high that the seas will bod. 
At the same time the Sun will increase in size until it 
becomes a red giant, its size becoming so great that it 
engulfs the nearer planets - Mercury. Venus, Earth and 
Mars, As this phase passes and the solar energy becomes 
exhausted so the Sun will shrink, becoming cold and dark, 
and with its planets it will spin for evermore in perpetual 
night 

Man. if he survives that long, will then either freeze or 
boil to death. 

Is this the way that life will end? Probably not for as I 
have said elsewhere the universe is teeming with life and 
others will cany the torch. It may not even be the end of 
Earthman. With his advanced technology he may have be¬ 
come independent of the Sun and have developed his own 
nuclear reactors to replace it long before the + black dwarf 
stage. Or he may have left Earth long before to establish 
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himself in artificial climates on other planets. There is no 
end to the ingenuity of Man and thus there may be no 
end to Man, 
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